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February 11, 1998

Trade Name: PainBuster

Common Name: Elastomeric Infusion Pump

Classification Name: Pump, Infusion, Elastomeric

All questions and/or comments concerning this document should be made to:

Robert J. Bard, Esq., R.A.C.
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1.0 GENERAL INFORMATION

1.1 Purpose of Submission

1.1.1 This submission is intended to notify the Federal Food and Drug
Administration that I-Flow Corporation intends to market an
intraoperative site infusion kit, the PainBuster T11 Infusion System, that
utilizes legally marketed components for a new intended use.

1.2 Statement of Equivalence

1.2.1 The PainBuster Infusion System is a kit which includes components that
are legally marketed (either pre-amendment devices or devices that
have been granted permission to market via premarket notification
regulation).

1.2.2 The PainBuster Infusion System is substantially equivalent in intended
use to the Pain Control Infusion Pump (PCIP) (K896422) distributed by
Sgarlato Laboratories, Inc.

1.2.2.1 The Sgarlato PCIP kit contains an infusion pump produced
by Burron/B. Braun, B. Braun catheter and Jelco needle.

1.2.2.2 The catheter and needle included in the PainBuster kit are
separately purchased pre-amendment or 510(k) devices
similar to the devices in the Sgarlato PCIP kit.

1.2.2.2.1 An example of the catheter included in the
PainBuster kit is the B. Braun Perifie Epidural
Catheter Set.

1.2.2.2.2 An example of the needle included in the
PainBuster kit is the Jel Co T11 Catheter
Introducer Needle.

1.2.2.2.3 The PainBuster pump is substantially
equivalent to the Homepump C-Series
(K944692) and Homepump Eclipse (K932740)
marketed by I-Flow Corporation.

1.2.2.3 The PainBuster pump's design is nearly identical to the
original Homepump C-Series, see section 2.1 below.

2.0 PHYSICAL SPECIFICATIONS AND DESCRIPTIONS

2.1 Description of Device

2.1.1 The PainBuster Infusion System is a kit that is comprised of an
elastomeric infusion pump, a catheter and a needle.
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2.2

2.1.2 The PainBuster pump is the Homepump C-Series with a new intended
use. The pump design is identical to the original Homepump C-Series
except as follows:

2.1.2.1 The PainBuster pump utilizes the same soft PVC shell that
the Homepump Eclipse uses.

2.1.2.2 The two (2) outer natural latex bladders have been replaced
by a single thicker natural latex bladder.

2.1.2.3 The PainBuster pump is intended to be used with a catheter
that is included with the kit.

Product Configuration

2.2.1 Models

2.2.2

2.2.1.1 P065005: 65 ml volume, 0.5 ml/hr flow rate

2.2.1.2 P1 25015: 125 ml volume, 1.5 ml/hr flow rate

2.2.1.3 P125020- 125 ml volume, 2.0 ml/hr flow rate

Each model consists of a kit with the following components:

2.2.2.1 (1) PainBuster pump.

2.2.2.2 (1) Catheter

2.2.2.2.1 20 G catheter, 11 to 40 in. length, polyamide or
nylon or FEP (fluorinated ethylene propylene)
polymer.

2.2.2.2.2 A catheter connector is included to connect the
catheter to the distal luer of the administration
set.

2.2.2.2.3 The B. Braun PerifixO Epidural Catheter Set is
an example of the type of catheter that may be
used with the PainBuster Infusion System.

2.2.2.2.3.1 Product code: EC20-0

2.2.2.2.3.2 51 O(k) number: K813186
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2.2.2.3 (1) Needle:

2.2.2.3.1 14 to 18G, 1 1/2 to 2 1/4in. length, stainless
steel.

2.2.2.3.2 The needle may be a catheter over needle as
in the JelCoTm example below.

2.2.2.3.3 The JelCoTM Catheter Introducer Needle is an
example of the type of catheter introducer
needle that may be used with the PainBuster
Infusion System.

2.2.2.3.3.1 Product code: 4058

2.2.2.4 (1) Directions for Use (DFU)

2.3 Components and Materials

All the components used in the PainBuster pump are identical to those used in
the Homepump Eclipse or Homepump C-Series.

The PainBuster Infusion System is a disposable device intended for single use.

3.0 OPERATIONAL SPECIFICATIONS AND DESCRIPTIONS

3.1 Standard Operating Conditions:

Priming Volume:

Residual Volume:

Operating Temperature

less than 5.0 ml

less than 5.0 ml

31 OC (skin temperature)

Test Solution:

Operating Pressure:

Head Height:

Accuracy:

0.9% NaCl

9 to 14 psi
16"

±1 5% at 95% confidence interval

3.2 Flow Rate Performance Data: Testing occurred at 31'C and at the nominal
head height of 16".

65ml x
0.5ml/hr

125ml x
2.Oml/hr

Average Flow Rate 0.48 ml/hr 1.98 ml/hr
Std. Dev. 0.02 0.05
n 27 26

65ml x 0.5ml/hr: A twenty seven (27) piece sample produced an average flow
rate of 0.48 ml/hr. The resulting average is well within it's ±1 5% accuracy claim.
The fastest infusion had an average flow rate of 0.53 ml/hr and the slowest
infusion had an average flow rate of 0.41 ml/hr.
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125mll x 2.Oml/hr: A twenty six (26) piece sample produced an average flow
rate of 1.98 ml/hr. The resulting average is well within it's ±1 5% accuracy claim.
The fastest infusion had an average flow rate of 2.05 ml/hr and the slowest
infusion had an average flow rate of 1.83 ml/hr.

3.3 Back Pressure Comparison: Testing was performed on the Homepump
Eclipse 65ml x 0.5ml/hr and 1 00ml x 2.Oml/hr to determine the effects of back
pressure on the flow rate. Testing occurred at the nominal head height of 16", at
a head height of 42" and at 3.1 psi. Ten samples at each back pressure were
tested. The test results for flow rate at each pressure for each product are
summarized in the following table.

65ml x 0.5m]/hr 100ml x 2.Oml/hr
Test Pressure 16" HH 42" HH 3.1 psi 16" HH 42" HH 3.1 psi
Average Flow Rate (ml/hr) 0.51 0.49 0.45 1.96 1.77 1.79
Std. Dev. 0.03 0.02 0.03 0.09 0.08 0.08
n 15 10 10 15 15 15

The average decrease in flow rates produced by the increased back pressure is
as expected.

3.4 Drug Delivery Comparison: The Homepump Eclipse 65ml x 0.5ml/hr has been
tested to assess how a 5% Dextrose solution affects flow rate. The performance
of the system is affected by the viscosity or density of a solution. The flow rate
was measured at 31 *C. The resulting data is presented below.

Note: Local anesthetics have densities similar to normal saline (e.g. 1.0035 for
Bupivacaine).

65ml x 0.5ml/hr
Saline 5% Dextrose

Average Flow Rate (ml/hr) 0.49 0.46
Std. Dev. 0.02 0.02
n 30 15

66mll x 0.5ml/hr: The 5% Dextrose solution flow rate was 6% slower than
the normal saline solution.

Product labeling includes a statement as to delivery times and the possible
deviation from nominal.
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3.5 Catheters and PICC Lines: The Homepump Eclipse 65ml x 0.5ml/hr has been
tested to assess how a 20 G x 60 cm PICC line and 23 G x 28 cm epidural
catheter affects flow rate. The tests were performed at room temperature and
31 OC at the nominal head height of 16". The results are summarized in the table
below.

Average
(ml/hr)

Std Dev. Maximum
(ml/hr)

Minimum
(ml/hr)

PICC Line Room Temp. 0.41 0.02 0.44 0.39
31T 0.51 0.03 0.58 0.48

Epidural Room Temp. 0.38 0.04 0.45 0.32
Catheter 31 *C 0.53 0.02 0.56 0.49

The PICC line and epidural catheter had no effect on flow.

4.0 BIOLOGICAL SPECIFICATIONS

4.1 Biological testing is in conformance with ISO 10993 Part 1 for all fluid path
components.

5.0 CHEMICAL AND DRUG SPECIFICATIONS

5.1 Compatibility

5.1.1 There are no specific drugs referenced in the labeling for the PainBuster
Infusion System.

5.1.2 The PainBuster Infusion System is intended for use with general local
anesthetics.

6.0 INTENDED USE

6.1 The PainBuster is intended to provide continuous infusion of a local anesthetic
directly into the intraoperative site for postoperative pain management.

6.2 The PainBuster is intended to deliver pain medication percutaneously via an
administration set attached to a catheter.

6.3 The PainBuster is not intended for epidural, subcutaneous or vascular drug
delivery.

6.4 The PainBuster is single use only.

6.5 No testing has been conducted to determine the efficacy of the PainBuster for
the delivery of blood, blood products or TPN. The PainBuster is not intended for
the delivery of blood, blood products or TPN.

6.6 The PainBuster is suitable for use as an ambulatory device and is intended for
use in the home environment but not limited to use in the home environment.
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7.0 PACKAGING

7.1 The PainBuster kit components are packaged individually in either sterile TyvekO

pouches or sterile Form/Fill/Seal trays. The components of the kit are packaged
in a sealed tray.

7.1.1 Packaging is suitable for either radiation or ETO sterilization.

8.0 STERILIZATION INFORMATION

Note: The catheter and needle components of the PainBuster Infusion System may be
purchased non-sterile and packaged by I-Flow or sterile from the manufacture. The
PainBuster pump and non-sterile purchased components shall be sterilized as follows:

8.1 The methods of sterilization are gamma radiation (Cobalt 60) or ETO gas.
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DEPARTMENT OF HEALTH & HUAIIAN SERVICES Public Health Service

:Zee!
Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

MAY 2 8 1998

Robert J. Bard, Esq. R.A.C.
,Vice President Regulatory and Legal Affairs
I-Flow Corporation
20202 Windrow Drive
Lake Forest, California 92630

Re: K980558
Trade Name: PainBuster Infusion System

Regulatory Class: II
Product Code: MEB
Dated: April 27, 1998
Received: April 28, 1998

Dear Mr. Bard:

We have reviewed your Section 510(k) notification of intent to

market the device referenced above and we have determined the

device is substantially equivalent (for the indications for

use stated in the entlosure) to legally marketed predicate

devices marketed in interstate commerce prior to May 28, 1976,
the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the
provisions of the Federal Food, Drug, and Cosmetic Act (Act).

You may, therefore, market the device, subject to the general

controls provisions of the Act. The general controls
provisions of the Act include requirements for annual

registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and
adulteration.

If your device is classified (see above) into either class II

(Spedial Controls) or class III (Premarket Approval), it may
be subject to such additional controls. Existing major
regulations affecting your device can be found in the Code of
Federal Regulations, Title 21, Parts 800 to 895. -A

substantially equivalent determination assumes compliance with
the Current Good Manufacturing Practice requirements, as set
forth in the Quality System Regulation (QS) for Medical
Devices: General regulation (21 CFR Part 820) and that,
through periodic QS inspections, the Food and Drug
Administration (FDA) will verify such assumptions. Failure to

comply with the GMP regulation may result in regulatory
action. In addition, FDA may publish further announcements

concerning your device in the Federal Register. Please note:
this response to your premarket notification submission does
not affect any obligation you might have under sections 531

FOI - Page 11 of 162



Page 2 - Mr. Bard

through 542 of the Act for devices under the Electronic
Product Radiation Control provisions, or other Federal laws or
regulations.

This letter will allow you to begin marketing your device as
described in your 510(k) premarket notification. The FDA

finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your
device and thus, permits your device to proceed to the market.

If you desire specific advice for your device on our labeling
regulation (21 CFR Part 801 and additionally 809.10 for in
vitro diagnostic devices), please contact the Office of
Compliance at (301) 594-4692. Additionally, for questions on
the promotion and advertising of your device, please contact
the Office of Compliance at (301) 594-4639. Also, please note
the regulation entitled, "Misbranding by reference to
premarket notification"(21CFR 807.97). Other general
information on your responsibilities under the Act may be
obtained from the Division of Small Manufacturers Assistance
at its toll-free number (800) 638-2041 or (301) 443-6597 or at
its internet address
llhttp://www.fda.gov/cdrh/dsma/dsmamai html".

rS' cer y yo 

0

smama

Timothy Ulatowski
Dilrecto
3m

Division of Dental, Infection Control,
and General Hospital Devices

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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20202 Windrow Drive

Lake Forest, CA 92630

I-FLOW (800) 448-3569 (714) 206-2700

CORPORATION Fax (714) 206-2600

510(k) Number (if known): Lrýl'ýý-o
Device Name: PainBuster TM Infusion System

Indications for Use:

1. The PainBuster is intended to provide continuous infusion of a local anesthetic

directly into the intraoperative (soft tissue / body cavity) site for postoperative pain

management.

2. The PainBuster is intended to deliver pain medication percutaneously via an

administration set attached to a catheter.

3. The PainBuster is single use only.

4. The PainBuster is suitable for use as an ambulatory device and is intended for
use in the home environment but not limited to use in the home environment.

5. The PainBuster is not intended for epidural, subcutaneous or vascular drug delivery.

6. The PainBuster is not intended for chemotherapy drugs.

7. No testing has been conducted to determine the efficacy of the PainBuster for the

delivery of blood, blood products or TPN. The PainBuster is not intended for the

delivery of blood, blood products or TPN.

(PLEASE DO NOT WRITE BELOW THIS LINE - CONTINUED ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Prescription Use OR
(Per 21 CFR 801.109)

2ýý2 1 'V
(Division Nign-Off)
Division of Dental, Infection Control,
and General Hospital Devices

510(k) Number

Over-The-Counter Use

(Optional Format 1-2-96)
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

MAY 2 8 IM

Robert J. Bard, Esq. R.A.C.
-Vice President Regulatory and Legal Affairs
I-Flow Corporation
20202 Windrow Drive
Lake Forest, California 92630

Re: K980558
Trade Name: PainBuster Infusion System

Regulatory Class: II
Product Code: MEB
Dated: April 27, 1998
Received: April 28, 1998

Dear Mr. Bard:

We have reviewed your Section 510(k) notification of intent to
market the device referenced above and we have determined the
device is substantially equivalent (for the indications for
use stated in the entlosure) to legally marketed predicate
devices marketed in interstate commerce prior to May 28, 1976,
the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the
provisions of the Federal Food, Drug, and Cosmetic Act (Act).
You may, therefore, market the device, subject to the general
controls provisions of the Act. The general controls
provisions of the Act include requirements for annual
registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and
adulteration.

If your device is classified (see above) into either class II
(Spedial Controls) or class III (Premarket Approval), it may
be subject to such additional controls. Existing major
regulations affecting your device can be found in the Code of
Federal Rectulati-ons,-Title 21, Parts 800 to 895. A
substantially equivalent determination assumes compliance with
the Current Good Manufacturing Practice requirements, as set
forth in the Quality System Regulation (QS) for Medical
Devices: General regulation (21 CFR Part 820) and that,
through periodic QS inspections, the Food and Drug
Administration (FDA) will verify such assumptions. Failure to
comply with the GMP regulation may result in regulatory
action. In addition, FDA may publish further announcements
concerning your device in the Federal Register. Please note:
this response to your premarket notification submission does
not affect any obligation you might have under sections 531
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through 542 of the Act for devices under the Electronic
Product Radiation Control provisions, or other Federal laws or
regulations.

This letter will allow you to begin marketing your device as
described in your 510(k) premarket notification. The FDA

finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your
device and thus, permits your device to proceed to the market.

If you desire specific advice for your device on our labeling
regulation (21 CFR Part 801 and additionally 809.10 for -in
vitro diagnostic devices), please contact the Office of
Compliance at (301) 594-4692. Additionally, for questions on
the promotion and advertising of your device, please contact
the Office of Compliance at (301) 594-4639. Also, please note
the regulation entitled, "Misbranding by reference to
premarket notification"(21CFR 807.97). Other general
information on your responsibilities under the Act may be
obtained from the Division of Small Manufacturers Assistance
at its toll-free number (800) 638-2041 or (301) 443-6597 or at
its internet address
llhttp://www.fda.gov/cdrh/dsma/dsmamai html".s amal

Si 
cer y yo r

D j
Timothy Ulatowski
irecto

Division of Dental, Infection Control,
and General Hospital Devices

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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I-FLOW
CORPORATION

Lake Forest, CA 92630
(800) 448-3569 (714) 206-2700
Fax (714) 206-2600

510(k) Number (if known): K 0/ ýý-Q 6-5 'F
Device Name: PainBuster TM Infusion System

Indications for Use:

1. The PainBuster is intended to provide continuous infusion of a local anesthetic

directly into the intraoperative (soft tissue / body cavity) site for postoperative pain
management.

2. The PainBuster is intended to deliver pain medication percutaneously via an
administration set attached to a catheter.

3. The PainBuster is single use only.

4. The PainBuster is suitable for use as an ambulatory device and is intended for
use in the home environment but not limited to use in the home environment.

5. The PainBuster is not intended for epidural, subcutaneous or vascular drug delivery.

6. The PainBuster is not intended for chemotherapy drugs.

7. No testing has been conducted to determine the efficacy of the PainBuster for the
delivery of blood, blobd products or TPN. The PainBuster is not intended for the
delivery of blood, blood products or TPN.

(PLEASE DO NOT WRITE BELOW THIS LINE - CONTINUED ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Prescription Use OR
(Per 21 CFR 801.109)

(Division Sign-oft)
Division of Dental, infection Control,
and General Hospital Devices

510(k) Number _erý

Over-The-Counter Use

(Optional Format 1-2-96)

6

ý11 1 11011 a
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DEPARTMENT OF HEALTH & HUMAN SERVICES

-)M: Reviewer(s) - Narne(s)

Isubject: 510(k)Number

ro: The Record - It is my recommendation that the subject 5 1 0(k) Notification:

ORefused to accept.

------- DRequires-additional information (other than refuse to accept).
.1

El Accepted for review d2

Nes substantially equivalent 
to' 
marketed devices.

13NOT substantially equivalent to marketed devices.

De Novo Classification Candidate? OYES 0 NO

0Other (e.g., exempt by regulation, not a device, duplicate, etc.)

Is this device subject to Postmarket Surveillance? OYES IM NO

Is this device subject to the Tracking Regulation? MYES 0 NO

Was clinical data necessary to support the review of this 5 1 G(k)? OYES ONO

Is this a prescription device? EOYES 11 NO

Was this 5 1 0(k) reviewed by a Tbird Party? OYES NO

Special 510(k)? OYES NO

Abbreviated 5 1 0(k)? OYES 21 NO

This 5 1 0(k) contains:

Truthful and Accurate Statement DRequested 0 Enclosed
(required for originals received 3-14-95 and after)

MA 510(k) summary OR OA 510(k) statement

1:1 The required certification and summary for elm III devices IV I-A

23 The indication for use form (required for originats'received 1- 1-96

and4ft6r)-Animal Source Material - 0- Human TissuerProduct--D 
-Hmm- 

Cell
(Please Check All That Apply)

The submitter requests under 21 CFR 807.95 (doesn't apply for SEs):

No Confidentiality 0 Confidentiality for 90 days 0 Continued Confidentiality exceeding 90 days

Predicate Product Code with class:

5 '7

2-vie.-I ,Jranch Chief)

A Rtwiew:
(Division Director)

,ised:2/19/98

Additional Product Code(s) with panel (optional):

si-h C ate

V 
(Datef

Sam

Public Health Service
-Food And Drug Administration

Memorandum

13
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S 10(k) *SUBSTANTIAL EQUIVALE N CE"

DECISION-MAKING PROC19SS (DETAILED)
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No V. tu< wf..kkce t6c lot-," Ycl

St- 0-0-Ul
CooAtcr t" f-d " Saay --d

No

,dv,c Eaorý.dý r4cw DýCnv.ýioc ILL" 9-tem"
4cw oc M &A cteJ Lt.< -AM ay Ue

FLCq.C"Cd

Do el-C Ncw 0"C"-ut" yCSGo." Ncw Dcviik<K Uarvmc C*." (U4. YCS ptC MC, Typcg of sofcty ac-TCýdu%#&ojgt0Lj 4CbACV00t*rtQdCl.
M 04auk. cti:.! EffccdYaý Q-Ccd-I

Yes 
Cff( No

kadfiC MCd%o&UK Do Av".
Ejda (#CA=CL&C Eff-u of

No

Ycs YcS

No 
No

... to As.,= EffvcU of

Nc-Ycs.

DýCA

, Rcjýdcvd

0. rzdormaocit D%tA D,=-A-t4c
1 CS Yes ER44y4cmcc:

NO

T. OA To OA

)(Q submii6of%_%_poTparc new dcviccs to m&Ac(cJ d,-*iom. FDA rcquCst.1 addidoaal iftforcultioa if OLC rclatiousbip
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"SUBSTANTIAL EQUIVALENCE" (SE) DECISION 14MING DOCUMENTATION

K980058

Reviewer: William M. Burdick

DivisionlBranch: DDIGD/GHDB

Device Name: PainBusterl Infusion System

Product To Which Compared (510(K) Number If Known):
attached "510(k) REVIEW".

Please refer to 3L of

YES NO

1. Is Product A Device X If NO = Stop

2. Is Device Subject To 510(k)? X If NO = Stop

3. Same Indication Statement? X If YES = Go To 5

4. Do Differences Alter The Effect Or
Raise New Issues of Safety Or

Effectiveness?

If YES = Stop NE

5. Same Technological Characteristics? X If YES = Go To 7

6. Could The New Characteristics Affect
Safety Or Effectiveness?

X If YES = Go To 8

7. Descriptive Characteristics Precise
nough?

X If NO = Go To 10
If YES = 

Stop SE

8. New Types Of Safety Or Effectiveness
Questions?

If YES = Stop NE

9. Accepted Scientific Methods Exist? If NO = 
Stop NE

10. Performance Data Available? X If NO = Request
Data

11. Data Demonstrate Equivalence? X Final Decision:
SE

(Continued on Next Page.)
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1. Intended Use: Please refer to #2 of attached "510(k) REVIEW".

2. Device Description: Provide a statement of how the device is either
similar to andlor different from other marketed devices, plus data (if
necessary) to support the statement. Is the device life-supporting or
life sustaining? Is the device implanted (short-term or long-term)? Does
the device design use software? Is the device sterile? Is the device for
single use? Is the device for home use or prescription use? Does the
device contain drug or biological product as a component? Is this device
a kit? Provide a summary about the devices design, materials, physical
properties and toxicology profile if important.

Please refer to #1 of attached "510(k) REVIEW".

EXPLANATIONS TO "YES" AND "NO" ANSWERS TO QUESTIONS ON PAGE 1 AS NEEDED

1. Explain why not a device: N/A

2. Explain why not subject to 510(k): N/A

3. How does the new indication differ from the predicate device's
indication: N/A

4. Explain why there is or is not a new effect or safety or effectiveness

issue: N/A

5. Describe the new technological characteristics: Please refer to 3N of
attached "510(k) REVIEW".

6. Explain how new characteristics could or could not affect safety or
effectiveness: Since conformance to AAMI/ANSI ID26-1992 was not
certified by I-Flow, important testing required to verify the safety and
effectiveness of the infusion pump may not have been performed.

7. Explain how descriptive characteristics are not precise enough: I-Flow

needed to show that the testing they performed was at least as accurate
in assessing the safety and effectiveness of their pump as the testing
required in AAMI/ANSI ID26-1992.

8. Explain new types of safety or effectiveness questions raised or why the
questions are not new: N/A

9. Explain why existing scientific methods can not be used: N/A

10. Explain what performance data is needed: In particular, the flow rate

testing results was needed.

11. Explain how the performance data demonstrates that the device is or is
not substantially equivalent: I-Flow was able to show that the flow rate
and other testing they performed were equivalent to AAMI/ANSI ID26-1992.

ATTACH ADDITIONAL SUPPORTING INFORMATION

Please refer to the attached '1510(k) REVIEW".

9

It ioý, T111"i -7, rill, I 
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Page 1 of 510(k) review

NEMO TO THE RECORD

510(K) REVIEW

K980058
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Page 2 of 510(k) review
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Page 3 of 510(k) review
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low PainBuster Infusion System

Page 14 of 15
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I I low PainBuster Infusion System

Page 15 of 15
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DEPARTMENT OF HEALTH AMD HUMAN SERVICES Public Health Service

April 29, 1998

Food and Drug Administration
Center for Devices and
Radiological Health
Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.
Rockville, Maryland 20850

I-FLOW CORP. 510(k) Number: K980558

20202 WINDROW DR. Product: PAINBUSTER

LAKE FOREST, CA 92630 INFUSION SYSTEM

ATTN: ROBERT J. BARD, ESQ., R.A.C.

The additional information you have submitted has been received.

We will notify you when the processing of this submission has been
completed or if any additional information is required. Please

remember that all correspondence concerning your submission MUST

be sent to the Document Mail Center (HFZ-401) at the above

letterhead address. Correspondence sent to any address other than

the one above will not be considered as part of your official

premarket notification submission. Because of equipment and

personnel limitations we cannot accept telefaxed material as part

of your official premarket notification submission, unless

specifically requested of you by an FDA official.

The Safe Medical Devices Act of 1990, signed on November 28, states

that you may not place this device into commercial distribution
until you receive a letter from FDA allowing you to do so. As in

the past, we intend to complete our review as quickly as possible.

Generally we do so 90 days. However, the complexity of a submission

or a requirement for additional information may occasionally cause

the review to extend beyond 90 days. Thus, if you have not received

a written decision or been contacted within 90 days of our receipt
date you may want to check with FDA to determine the status of your

submission.

If you have procedural or policy questions, please contact the

Division of Small Manufacturers Assistance at (301) 443-6597 or at
their toll-free number (800) 638-2041, or contact me at (301) 594-1190.

Sincerely yours,

Marjorie Shulman

Supervisory Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and
Radiological Health

FOI - Page 27 of 162



C 0 - FMND.
-F ýý
-( Fjp,

A 9' , ( 30

ý-.)O) 448-356Y (71 1) 206-2700
P [Y ý71,ý) 206 2-607",

Via UPS _n

April 27, 1998
rr,

Food and Drug Administration C>
C=Center for Devices and Radiological Health

C)
rn

Office of Device Evaluation rro co
Document Mail Center HFZ 401 xC J
9200 Corporate Blvd.
Rockville, MD 20850

Re: K980558

Reviewing

Staff-As requested by Mr. Bill Burdic, of the ODE Reviewing Staff, I-Flow Corporation is
providing the attached additional information for The PainBuster Infusion System
(K980558).

The requested information is for the 125 ml volume 1.5 ml/hr PainBuster pump (Ref
P125015) for the device's flow profile (including graph, raw data and text information.

Hopefully, this information is sufficient to allow the ODE staff to complete its review of
the submission. If additional information is needed for this product, please contact me at:

Phone 949.206.2670 (or 949.206.2700) or Fax 949.206.2603

cerely,

S,R be J sq.
Vice President Regulatory and Legal Affairs

_,11 jj ,or, t If
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1 -jo,, F'amBuster Infusion System
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

April 28, 1998

I-FLOW CORP. 510(k) Number:
20202 WINDROW DR. Product:
LAKE FOREST, CA 92630
ATTN: ROBERT J. BARD, ESQ., R.A.C.

Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health
Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.
Rockville, Maryland 20850

K980558
PAINBUSTER
INFUSION SYSTEM

We are holding your above-referenced Premarket Notification (510(k))
for 30 days pending receipt of the additional information that was
requested by the Office of Device Evaluation. Please remember that
all correspondence concerning your submission MUST cite your 510(k)
number and be sent in duplicate to the Document Mail Center (HFZ-401)
at the above letterhead address. Correspondence sent to any address
other than the one above will not be considered as part of your
official premarket notification submission. Because of equipment
and personnel limitations, we cannot accept telefax material as part
of your official premarket notification submission unless specifically
requested of you by an FDA official.

If after 30 days the requested information, or a request for an extension
of time, is not received, we will discontinue review of your submission
and proceed to delete your file from our review system. Pursuant to
21 CFR 20.29, a copy of your 510(k) submission will remain in the Office
of Device Evaluation. If you then wish to resubmit this 510(k)
notification, a new number will be assigned and your submission will be
considered a new premarket notification submission.

Please remember that the Safe Medical Devices Act of 1990 states that
you may not place this device into commercial distribution until you
receive a decision letter from FDA allowing you to do so.

If you have procedural or policy questions, please contact the
Division of Small Manufacturers Assistance at (301) 443-6597 or at
their toll-free number (800) 638-2041, or contact me at (301) 594-1190.

Sincerely yours,

Marjorie Shulman
Supervisor Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and
Radiological Health

I(
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DEPARTMENT OF HEALTH & HUMAN SERVICES

From: Reviewer(s) - Name(s)

Subject: 510(k)Number 0 C11

Public Health Service
Food And Drug Administration

Memorandum

To: The Record - It is my recommendation that the subject 5 1 0(k) Notification:

ORefused to accept.

IffRequires additional information (other than refuse to accept).

OAccepted for review

Chs substantially equivalent to marketed devices.

ONOT substantially equivalent to marketed devices.

00ther (e.g., exempt by regulation, not a device, duplicate, etc.)

Is this device subject to Postmarket Surveillance? 0YES

Is this device subject to the Tracking Regulation? OYES

Was clinical data necessary to support the review of this 5 1 0(k)? OYES

Is this a prescription device? MYES

Was this 5 1 0(k) reviewed by a Third Party? 0YES

This 5 1 0(k) contains:

Truthful and Accurate Statement ORequested X Enclosed
(required for originals received 3-14-95 and after)

IMA 510(k) summary OR CIA 510(k) statement

0 The required certification and summary for class III devices

121 The indication for use form (required for originals received 1- 1 -96 and after)

9( NO

13 NO

ERNO

0 NO

M NO

The submitter requests under 21 CFR 807.95 (doesn't apply for SEs):

0 No Confidentiality 0 Confidentiality for 90 days 0 Continued Confidentiality exceeding 90 days

Predicate Product Code with class and tier: Additional Product Code(s) with panel (optional):

Review:
(Branch Chief) (Branch Code) (Date)

lsý
Final Review:

(Division Director) (Date)

Revised:7/21/97

UMýUAIj Wr
FOI - Page 32 of 162



510(k) "SUBSTANTIAL EQUIVALENCEN

DE CISION-MAKING PROCESS (DETAILED)

Ncw DeAm 14 Qmpwrod to
Mockoted Dcvioe

kl-ýj @
I No Do (kc Differ Aw tbe Imeacted Yes

DOCM NCW ý i= H*ft SOA*C Tberap-tidDlarkesdeldc.
ta4kation Stalaacn4x? Effod (to D*dA@I& May

CandAer Empoet on Safety and EqAvAmK*

MetsYes Errata" 

NO 

Ddendnation

Dweriptive W*madou New Dedw Had SANK IM1440" New " H"Jqcw
I -- New or Marketed use a" May be -Sadmadany Tak"01 Use

Dcvke Requestect F44"acar
as Needed 

31
Does Nev ke Ka" same No 

be New 
Yes 

Do tbe SM cbArecteds" Y
To&Amioew moractcriatim. cheraCtedstileg

-e-g, DedM Madcdalsý ct#--? Affed Safety Effecd"Me" Quesdow.

Yes 
or ElYcedvemm? 

No

01 
No 

@ I

N 
A" -CdPiiVe D*Ac"pW 1-11(kMethods

chatwuria"Prodise Emoagk E31A forAssentag Effecu of I

to Easam Eq%&Acaft? the New awaotauties? No

NO 
16 

Yes Yes

Are Perforsassige DosA Available I DG$AAT*U*JAe No
to Assen Equivalence?- to A04:99 Erf0dZ Of NCW

Charadertsticsi-Yes

I 
Yes

SAWC
Do" Data

&Rwrtd R"*,ad

G
DMOUStIVICL Perfomance Mix 0

Equfvakn*c? Yes EqdVaience

No No

TO 'Substantially 
E4WYAmt'

Dc(cvWXtVAdOft 
TOO

510(k) submissions compare new devices to marketed devicm FDA requests additional infonnatim if ft relatioumship,
between marketed and 'predicate (pre-Ameadments or reclassified post-Amendments) devices is umdear.

" * 
Ws decision is normally based on descriptive information alone. but lintited testing infocmaticti is sometimes required.

* * * 
Data may be in the 5 10(k), other 510(k)s, the Center's classification rites, or the litera(ure,

L

FOI - Page 33 of 162



b2MRANDUM OF TELEPHONE CONVERSATION

    

      
  

    
  

   
    

  
  

    
 

 
   

   
  
  

           

              
           

            
          

          
           

         
   

            
             

            
              

             
            

            
              

       
             

             
 

           
            
           

             
            

  

             
            
           

           

1_"

J1

ft[MýYTI-_ fmI, I

FOI - Page 34 of 162

(b)(5)



            
            
                

           
            

              
  

             
         

       

              
     

              
        

          

 

              
            

              
              

             
            
              

             
            

   
  

  

  
  

DD-
FOI - Page 35 of 162

(b)(5)



           
      

 
    

   

   
      

   
 

 

   

      

        

        

     

    

           
 

         
    

          
 

        
      

  

   
 

   

 
   

   

M

# azýr P, i ý 11111

FOI - Page 36 of 162

(b)(5)



           
       

      

   

  

 
       

         
         

       
             

          
        

        
 

 

        
        
       
          

 
     

   

         
        

      

 

       
    

 

rN
FOI - Page 37 of 162

(b)(5)



       
       

        
         

        
        

 

 

         
       

          
         

 

        
         

          
  

 

        
         

    

 

         
        

  

 

           

 

af
FOI - Page 38 of 162

(b)(5)



REVISED:01/22/96

PREMARKET NOTXFXCATION (510M) CHECKLIST FOR ACCEPTAVCH DECISION

Device Name

'--ýivision/Býanch

Administrative Reviewer Signature

Supervisory Signature

Did the firm request expedited review? Yes No

Did we grant expedited review? Yes No

Truthful and accurate statement enclosed? Yes No

(If Not Enclosed, Must Be A Refuse To Accept Letter)
Required For originals Received 3/14/95 And After

Date

Is the Indication for Use Form enclosed? YES No

(Required for original 510(k)s received 1/1/96 and after

--must be submitted on a separate sheet of paper)

Without reviewing this 510 (k) , do you believe this device type may be a preamendments

class III device? Yes No (IF YES, NOTIFY POS IMMEDIATELY IF THE OUTSIDE OF

THE 510(k) HAS NOT BEEN STAMPED CLASS III SO THAT THE GMP INSPECTION CAN BE SCHEDULED AS

SOON AS POSSIBLE) . Class III devices can not receive a determination of substantial

-quivalence until the GMP inspection process has been completed.

I this a file. that was determined to be substantially equivalent by ODE, but placed on

hold due to GMP violations and deleted af ter 12 months on hold? If so, a new ODE review

is not required, please forward to POS.

Yes No

Accepted Refuse To

Accept

Date
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CRITICAL ELEMENTS: YES NO

PRESENT INADEQUATE

OMISSION JUSTIFIED OMITTED

Is The Product A Device? 0 11

B. Is The Device Exempt From 510(k) By 0 11

Regulation or Policy?

C. Is Device Subject. To -Rev.4ew By CDRH? .11 13

D. W Are You Aware That This Device Has 0 11

Been The Subject Of A Previous NSE

Decision?

(ii) If Yes, Does This New 510(k) Address 0 0

The NSE Issue(s) (E.G., Performance

Data)?

E. W Are You Aware Of The Submitter Being 0 0

The Subject Of An Integrity Investigation?

If Yes, Consult The ODE Integrity Officer.

(ii) Has The ODE Integrity Officer GiveFri 11 0

Permission To Proceed With The Review?

Blue Book Memo #191-2 And Federal

Register 90N-0332, September 10, 1991.)

F. Does The Submission Contain The 0 0

Information Required Under Sections

510 W , ý5-13 (f) , And 513 W Of The Federal

Food, Drug, and Cosmetic Act (Act) And

Subpart E Of Part 807 In Title 21 Of The

Code Of Federal Regulations?:

1. Device Trade Or Proprietary Name 0 0

2. Device Common Or Usual Name Or 0 0

Classification Name

3. Establishment Registration Number (Only 0 0

Applies If Establishment Is Registered)

4. Class Into Which The Device Is Classified 11 0

Under (21 CFR Parts 862 to 892)

lassification Panel 19 0

6. Action Taken To Comply With Section 514 Of 0 0

The Act

7. Proposed Labels, Labeling And 11 0

Advertisements (If Available) That

Describe The Device, Its Intended Use, And

Directions For Use (Blue Book Memo #G91-1)
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8. A 5 10 (k) Summary Of Safety And 0 0
Effectiveness Or A 510(k) Statement That

Safety And Effectiveness Information Will

Be Made Available To Any Person Upon

Request

9. For Class III Devices Only, A Class 111 0 11

Certification And A Class III Summary

10. Photographs Of The Device 0 0

11. Engingbering Drawings For The Device With 0 .0

Dimensions And-Tolerances

12. The Marketed Device(s) To Which 0 0

Equivalence Is Claimed Including Labeling
And Description Of The Device

13. Statement Of Similarities And/Or 0 0

Differences With Marketed Device(s)

14. Data To Show Consequences And Effects Of A 0 0

Modified Device(s)

15. Truthful And Accurate Statement 0 0

II. Additional Information That Is Necessary 0 0

Under 21

CFR.8-e7.87(hY--A. Submitter's Name And Address 0 0

B. Contact Person, Telephone Number And 0 0

Pax Number

C. Representative/Consultant If Applicable 0 0

D. Table Of Contents With Pagination 0

E. Address Of Manufacturing 0 11

Facility/Facilities And, If

Appropriate, Sterilization Site(s)

III. Additional Information That May Be 11 0

Necessary Under 21 CFR 807.87 (h)

A. Comparison Table Of The New Device To 0

The marketed Device(s)

B. Action Taken To Comply With Voluntary 0

Standards

C. Pe"rformance DaLa L! 0

MARKETED DEVICE:

Bench Testing 0 0

Animal Testing 0 0

Clinical Data 0 0

NEW DEVICE: 0 0

Bench Testing 0 0

Animal Testing 0 0

0ý
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........ . . . ....... - .... ........

Clinical Data 0 0

D. Sterilization Information 0 0

E.. Software Information 0 0

F. Hardware Information 0 0

j. If This 510 (k) Is For A Kit, Has The Kit
Certification Statement Been Provided?

0 0

H. Is This Device Subject To Issues That Have
Been Addressed -In Specif ic Guidance
DocumenE (s) ?

0 0

If Yes, Continue Review with Checklist
From Any Appropriate Guidance Documents.

0 0

If No, Is 510(k) Sufficiently Complete To
Allow Substantive Review?

0 0

I. Other (Specify) 0 0.

01
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REVISED:3/14/95

THE 510 (K) DOCUMENTATION FORKS ARE AVAILABLE ON THE LAN UNDER 510 (K)

BOILERPLATES TITLED HDOCUMENTATIONK AND MUST BE FILLED OUT WITH

EVERY FINAL DECISION (SE, NSE, NOT A DEVICE, ETC.).

-SUBSTANTIAL EQUIVALENCE 459). - -DZCX SION MAKING DOCUMENTATION-........-....

K

Reviewer:

Division/Branch:

Device Name:

Product To Which Compared (510 (K) Number If Known):

YES NO

1. Is Product A Device If NO = Stop

2. Is Device Subject To 5,10(k)? If NO = Stop

3. Same Indication Statement? If YES = Go To 5

4. Do Differences Alter The Effect Or

Raise New Issues of Safety Or

Effectiveness?

If YES = Stop NE

S. Same. Technological Characteristics?- - If YES = Go To 7

6. Could The New Characteristics Affect

Safety Or Effectiveness?

If YES = Go To 8

7. Descriptive Characteristics Precise

Enough?

If NO = Go To 10

If YESi= Stop SE

8. New Types Of Safety Or Effectiveness

Questions?

If YES Stop NE

11

9. Accepted Scientific Methods Exist? if NO Stop NE

I t NO Ptqae9C

Data

11. Data Demonstrate Equivalence? Final Decision:

Note: In addition to completing the form on the LAN, 
"yes" responses to

questions 4, 6, 8, and 11, and every 
"no" response requires an

explanation.

raýý-j U
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1. Intended Use:

2. Device Description: Provide a statement oý how the device is either

similar to and/or different from other marketed devices, plus data (if

necessary) to support the statement. is the device life-supporting or

lif e sustaining? is. -the device- implanted (short-term or long-term) ? ..Does

the device'des'ign use' softwacýe? Is,the device sterile? Is the devic6*fof

single use? is the device for home use or prescription use? Does the

device contain drug or biological product as a component? Is this device

a kit? Provide a summary about the devices design, materials, physical

properties and toxicology profile if important.

EXPLANATIONS TO "YES" AND NNO- ANSWERS TO QUESTIONS ON PAGE I AS NEEDED

1. Explain why not a device:

2. Explain why not subject to 510(k):

3. How does the new indication differ from the predicate device's

indication:

4. Explain why there is or is not a new effect or safety or effectiveness

issue:

S. Describe the new technological characteristics:

6. Explain how new characteristics could or could not affect safety or
effectiveness-----------

7. Explain how descriptive characteristics ar not precise enough:

8. Explain new types of safety or effectiveness questions raised or why the

questions are not new:

9. Explain why existing scientific methods can not be used:

10. Explain what performance data is needed:

11. Explain how. the is

not substantially equivalent:

ATTACH ADDITIONAL SUPPORTING INFORMATION
I
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

February 13, 1998

I-FLOW CORP. 510(k) Number:
20202 WINDROW DR. Received:
LAKE FOREST, CA 92630 Product:
ATTN: ROBERT J. BARD, ESQ., R.A.C.

Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health
Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.
Rockville, Maryland 20850

K980558
13-FEB-1998
PAINBUSTER INFUSION
SYSTEM

The Center for Devices and Radiological Health (CDRH), Office of Device
Evaluation (ODE), has received the Premarket Notification you submitted in
accordance with Section 510(k) of the Federal Food, Drug, and Cosmetic Act
(Act) for the above referenced product. We have assigned your submission a
unique 510(k) number that is cited above. Please refer prominently to this
510(k) number in any future correspondence that relates to this submission.
We will notify you when the processing of your premarket notification has been
completed or if any additional information is required. YOU MAY NOT PLACE
THIS DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE A LETTER FROM FDA
ALLOWING YOU TO DO SO.

On January 1, 1996, FDA began requiring that all 510(k) submitters provide on
a separate page and clearly marked "Indication For Use" the indication for use
of their device. If you have not included this information on a separate page
in your submission, please complete the attached and amend your 510(k) as soon
as possible. Also if you have not included your 510(k) Summary or 510(k)
Statement, or your Truthful and Accurate Statement, please do so as soon as
possible. There may be other regulations or requirements affecting your device
such as Postmarket Surveillance (Section.522(a)(1) of the Act) and the Device
Tracking regulation (21 CFR Part 821). Please contact the Division of Small
Manufacturers Assistance (DSMA) at the telephone or web site below for more
information.

Please remember that all correspondence concerning your submission MUST be
sent to the Document Mail Center (HFZ-401) at the above letterhead address.
Correspondence sent to any address other than the Document Mail Center will
not be considered as part of your official premarket notification submission.
Because of equipment and personnel limitations, we cannot accept telefaxed
material as part of your official premarket notification submission, unless
specifically requested of you by an FDA official. Any telefaxed material
must be followed by a hard copy to the Document Mail Center (HFZ-401).

You should be familiar with the manual entitled, "Premarket Notification
510(k) Regulatory Requirements for Medical Devices" available from DSMA.
If you have other procedural or policy questions, or want information on
how to check on the status of your submission (after 90 days from the
receipt date), please contact DSMA at (301) 443-6597 or its toll-free
number (800) 638-2041, or at their Internet address http://www.fda.gov/cdrh/dsmamain.html
or me at (301) 594-1190.

Sincerely yours,

Marjorie Shulman
Consumer Safety Officer
Premarket Notification Staff
Office of' Device Evaluation
Center for Devices and Radiological Health 
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Via Federal Express
February 11, 1998

L P7o 9' '630
(KO) 448-3561--l (714) 206-2700

ý71 eL D(3C)1ý

Premarket Notification - 510(k)

Food and Drug Administration
Center for Devices and Radiological Health
Office of Device Evaluation
Document Mail Center HFZ - 401
9200 Corporate Blvd.
Rockville, Maryland 20850

Reviewing Staff:

In accordance with §51 0(k) of the Federal Food, Drug, and Cosmetic Act and in conformance
with Title 21 CFR §807.81, I-Flow Corporation is submitting this premarket notification for the
PainBusterTIA Infusion System, hereafter identified as PainBuster, prior to the introduction into
interstate commerce for commercial distribution.

The PainBuster is an additional model to the Homepump elastomeric infusion pumps
marketed by I-Flow Corporation. The PainBuster is substantially equivalent to the Pain Control
Infusion Pump (PCIP) (K896422) marketed by Sgarlato Laboratories, Inc. The components of
the PainBuster are substantially equivalent to the Homepump C-Series (K944692),
Homepump Eclipse (K932740), B. Braun PeriW Epidural Catheter Set, and JeICOTM Catheter
Introducer Needle.

All questions and/or comments concerning this document should be made to:

Robert J. Bard, Esq., R.A.C.
Vice President Regulatory and Legal Affairs

I-Flow Corporation
20202 Windrow Drive

Lake Forest, CA 92630

Telephone: 714.206.2700
Fax: 714.206.2600

Sincerely,

Rio ert J. Ba , Esq., R.A.C.
Vice President Regulatory and Legal Affairs
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Date of Submission: FDA Document Number.
02/11/98

:6f

J(5 1 O(k) 0 IDE 13 PMA 0 PmA Supplement - Roplar

0 5 1 O(k) Add!l informationE3 IDE Amendment M PmA Amendment 0 PMA Supplement - Special

0 IDE Supplement M PMA Report [3 PMA Supplement - 30 day

13 IDE Report 13 PMA Lement-- Panel Track

son. at a

E3 New device )(Additional or expanded E3 Change in technology, design, materials,
indications or manufseturing proms

E3 O*m reason (specify):

'e"tion B2
0'

0 New device 13 change in design, component, (3 Location

chanp-13 Withdrawal or specification: 13 Manufacturer

" Additional or expanded indications 13 Software 0 Sterilizer

" Licensing agreement E3 color Additive 13 Pack&W
13 Odw (specify below) 0 Distributor

E3 Labeling change:
13 indications E3 Process change: 13 Report submission:

13 Instructions 13 Msmifitcturer 13 Annul or periodic

13 Performance Characteristics 0 Sterilizer 0 Pofft-approva study

13 shelf life 13 Packager 777 [3 A(fEm resod"

E3 Trade name
- 0 De;4" 

deflact'::'

13 Other (specify below) 0 Response to FDA correspondence (spec&ý belovyý,. 
- 
13 Az'iiý

13 Request for applicant hold

13 Change in ownership 0 Request for removal of applicant hold

M Change in correspondent 13 Request for extension
M Request to remove or add manufacturing site

13 other reason (Specify):

B3 n.son::: or..' EMM10

C1 Now device
13 Addition of institution
13 Expansion / extension of study
0 IRB cartification.
0 Request hearing
13 Request waiver
C] Termination of study
0 Withdrawal of application
0 Unanticipated adverse eff6ot

0 Change in:
13 Correspondent
0 Design
13 Informed consent

13 Manufteturer

13 Manufacturing
13 protocol - fessibility
13 Protocol- other
0 Sponsor

E3 Response to FDA letter conoerninF.

0 conditional approval

13 Doomed approved

13 Deficient fnal report

13 Deficient progress report

13 Deficient investigator report

0 Disapproval

13 Request extension of

time to respond to FDA

13 Emergency use.
13 Notification of

emergency use
13 Additional infiwmation

E3 Other ream (specify):

M Request meeting

13 Report xubmission: 13 IOL submissions only:

0 Current investigator 0 Change in IOL style

E3 Annual prop= M Request for protocol WRIM

13 Site waiver limit reached

0 Final
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FDA Document Number:

C Noduct CUssifitationSection
Productcode: 80 MEB

I

C.F.R. Section: 880.5725
----

Device class:

13 Class I xCIM 11

Classification panel: 
General Hospital and Personal Use Device

0 Class 111 13 Unclassified

Mis idsectiORD h&rMafiDn::o&5.10(k)S6 3 ha

Product codes of devices to which substantial equivalence is claimed: Summary of, or statement

80 MEB 80 FRN 3 4 sabty and effwfiveneas data:
W5 1 O(k) summary attached

1 
7 0 5 1 O(k) statement

Information on devices to which substantial equivalence is claimed:

5 1 O(k) Number Trade or proprietary or model name Manufacturer

        

        

        

   

 

Section E Product Imformation Aippkable to ARAppfications

Common or usual mine or classification name:

Pump, Infusion, Elastomeric

Trade or proprietary or model name Model number

PainBuster Infusion System IP065005, P125015, P125020

2 2

3 3

4 4

6 6

FDA document of all prior rMe submissions less of outcome):

1 2 3 4 5 6

7
1 
8 9 10 11 12

Data included in submission: 0 Laboratory testing 0 Animal trials 13 Human trials

Indications (from labeling):

The PainBuster is intended to provide continuous infusion of a local anesthetic

directly into the intraoperative site for postoperative pain management.

VaTim 1.0 

5ý' 

Jammy 19,1995

11ý,Tri -nz,- 11 1 . -
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. ........... ......... .... .............A., .......... ... FDA Document Number:

st

Xoriginal
13 Add 13 DýOlvte -1. .

FDA esublisbutent registration number
2026095

XIVIanufacturer 13 Contract dml=w
0 Contract manufitcturer 13 Repackagw / relzbeler

Z ii- name.Company / In . 
I-Flow Corporation

Division name (if applicable): Phone number (include area code):

714 206-2700

Street address:
20202 Windrow Drive

FAX number (include area code):

(714 )206-2603

City: Lake Forest
1

stab / Provinow. 
CA

Country: 
U.S.A.

1

ZIP / Postal Code:
92630

Contact name: Robert J. Bard, Esq., R.A.C.

Contacttitle: Vice President of Regulatory and Legal Affairs

13 OriOW
13 Add 0 Delete

FDA establishment registration number: 13 Manufacturer 0 Contract stwilizer
13 Contract manufacturer 0 Repackager / relabeler

Company I Institution name:

Division nam (if applicable): Phone number (include area cade):

Street addmu: FAX number (include area code):

City: State Province: Country: ZEP / Postal Code:

Contact nmw.

Contact tifle:

" Original
" Add 0 Delde

FDA establishment registration number:
I

0 Manufseturer 0 Contract sterilizer

1 0 Contract manufiLcturer 13 Repaclugor / relabeler

Company / hwfitution name:

Division name (if applicable): Phone number (include am code):

Street addmr. FAX number (include area code):

City: State / Province: ountry: 21P I Postal

Code-Contact name:

Contact tifis

varnioa 1.0 5 ý j8MMY 19, 1"5
FOI - Page 49 of 162



FDA Document Number.

section,

Company Institution name: 
I-Flow Corporation

FDA establishment registration number

2026095

Division name (if applicable): Phone number (include am code):

) 206-2700

Street address: 20202 Windrow Drive FAX number (include am code):
714 206-2603

City: Lake orest State / Province- 
CA

Country: 
U.S.A.

ZIP / Postal

Code-92630

signature:

[Name: 
�RRobert J. Bard, Esq., A.C.

Title: Vice President of Regulatory and Legal Affairs

section-H Submission correspondent (if diffitmt :.Aboy4
Company / Institution name:

Division name (if applicable): %we number (include area code):

Street address: FAX number (include am code):

City: State / Province: Country: 21P / Postal

Code-Contact name:

Contact title:
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PREMARKET NOTIFICATION

TRUTHFUL AND ACCURATE STATEMENT

(As required by 21 CFR 807.870))

I certify that, in my capacity as the Vice President of Regulatory and Legal Affairs of I-Flow

Corporation, I believe to the best of my knowledge, that all data and information submitted in

the premarket notification for the PainBusterTm Infusion System are truthful and accurate and

that no material fact has been omitted.

L_olý &' 
I USignature

Robert J Bard, Vice President of Regulatory and Legal Affairs
Name Title

I-Flow Corporation 1, ki
Company D d

I ý 9 5f 0 S SIT
Premarket Notification (510(k) Number)
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(8 ý'O) 4 48-3156'-'ý (71 t) :206-274)(1

ý714) 2131DO

51 0(k) Number (if known): Li C7 a-0 5-5 3
Device Name: PainBuster TM Infusion System

Indications for Use:

1. The PainBuster is intended to provide continuous infusion of a local anesthetic

directly into the intraoperative (soft tissue / body cavity) site for postoperative pain
management.

2. The PainBuster is intended to deliver pain medication percutaneously via an
administration set attached to a catheter.

3. The PainBuster is single use only.

4. The PainBuster is suitable for use as an ambulatory device and is intended for
use in the home environment but not limited to use in the home environment.

5. The PainBuster is not intended for epidural, subcutaneous or vascular drug delivery.

6. The PainBuster is not intended for chemotherapy drugs.

7. No testing has been conducted to determine the efficacy of the PainBuster for the
delivery of blood, blood products or TPN. The PainBuster is not intended for the
delivery of blood, blood products or TPN.

(PLEASE DO NOT WRITE BELOW THIS LINE - CONTINUED ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Prescription Use OR Over-The-Counter Use
(Per 21 CFR 801.109)

(Optional Format 1-2-96)
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Appendix A - PainBuster Infusion System Drawings

" PainBuster Pump and Catheter Drawings

" PainBuster Kit Drawing

Appendix B - PainBuster Infusion System Labeling
" PainBuster Directions for Use

" Pump Flow Rate Label 65 ml x 0.5 ml/hr

" Pump Flow Rate Label 125 ml x 1.5 ml/hr

" Pump Flow Rate Label 125 ml x 2 ml/hr

" Pump Pouch Label 65 ml x 0.5 ml/hr

" Pump Pouch Label 125 ml x 1.5 ml/hr

" Pump Pouch Label 125 ml x 2 ml/hr

" Lidstock Label 65 ml x 0.5 ml/hr

" Lidstock Label 125 ml x 1.5 ml/hr

" Lidstock Label 125 ml x 2 ml/hr
" PainBuster Box Label 65 ml x 0.5 ml/hr

" PainBuster Box Label 125 ml x 1.5 ml/hr
" PainBuster Box Label 125 ml x 2 ml/hr

" I-Flow Needle Label
" Jelco Needle Label

" I-Flow Catheter Label

" B. Braun Catheter Label

" B. Braun Catheter Directions for Use

Appendix C - Predicate Labeling

Sgarlato Pain Control Infusion Pump

I-Flow Homepump C-Series

I-Flow Homepump Eclipse

Appendix D - References

Appendix E - Summary of Safety and Effectiveness

FOI - Page 54 of 162



ow FlamBuster nfusw System
Page 1 of 15

1.0 GENERAL INFORMATION

1.1 Purpose of Submission

1.1.1 This submission is intended to notify the Federal Food and Drug
Administration that I-Flow Corporation intends to market an
intraoperative site infusion kit, the PainBusterTm Infusion System, that
utilizes legally marketed components for a new intended use.

1.1.2 Trade Name: PainBusterTm Infusion System

1.1.3 Common Name: Elastomeric Infusion Pump

1.1.4 Classification Name: Pump, Infusion, Elastomeric

1.1.5 Product Code: 80 MEB

1.1.6 Device Classification: Class 11, 880.5725

1.1.7 Classification Panel: General Hospital and Personal Use Device

1.2 Statement of Equivalence

1.2.1 The PainBuster Infusion System is a kit which includes components that
are legally marketed (either pre-amendment devices or devices that
have been granted permission to market via premarket notification
regulation).

1.2.2 The PainBuster Infusion System is substantially equivalent in intended
use to the Pain Control Infusion Pump (PCIP) (K896422) distributed by
Sgarlato Laboratories, Inc.

1.2.2.1 The Sgarlato PCIP kit contains an infusion pump produced
by Burron/B. Braun, B. Braun catheter and Jelco needle.

1.2.2.2 The catheter and needle included in the PainBuster kit are
separately purchased pre-amendment or 51 0(k) devices
similar to the devices in the Sgarlato PCIP kit.
1.2.2.2.1 An example of the catheter included in the

PainBuster kit is the B. Braun Perifix* Epidural
Catheter Set.

1.2.2.2.2 An example of the needle included in the
PainBuster kit is the JeICoTM Catheter
Introducer Needle.

1.2.2.2.3 The PainBuster pump is substantially
equivalent to the Homepump C-Series
(K944692) and Homepump Eclipse (K932740)
marketed by I-Flow Corporation.

1.2.2.3 The PainBuster pump's design is nearly identical to the
original Homepump C-Series, see section 2.1 below.

" It67-
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5.2 Drug Stability

5.2.1 There are no drugs included in the PainBuster Infusion System.

6.0 INTENDED USE

6.1 The PainBuster is intended to provide continuous infusion of a local anesthetic
directly into the intraoperative site for postoperative pain management.

6.2 The PainBuster is intended to deliver pain medication percutaneously via an
administration set attached to a catheter.

6.3 The PainBuster is not intended for epidural, subcutaneous or vascular drug
delivery.

6.4 The PainBuster is single use only.

6.5 No testing has been conducted to determine the efficacy of the PainBuster for
the delivery of blood, blood products or TPN. The PainBuster is not intended for
the delivery of blood, blood products or TPN.

6.6 The PainBuster is suitable for use as an ambulatory device and is intended for
use in the home environment but not limited to use in the home environment.

7.0 LABELS AND LABELING

7.1 I-Flow Corporation believes the proposed labels and labeling, where appropriate,
meets the requirements of 21 CFR Part 801 as it relates to a determination of
intended use and adequate directions for use.

7.2 The PainBuster Directions for Use labeling:

7.2.1 Provides comprehensive directions for preparation and use for the
PainBuster.

7.2.2 Contains warning information.

7.2.3 Contains the prescription statement required under 801.109 (b)(1).

7.2.4 Includes the specifications of the PainBuster. The specifications include
the priming volume, residual volume, accuracy and operating
conditions.

7.3 Identification labels and labeling

7.3.1 I-Flow has developed product identification labeling for the PainBuster
Infusion System. Refer to Appendix B for examples.

7.4 Packaging labels

7.4.1 Contains the prescription statement required under 801.109(b)(1).

__q
HE 1111' : I I ý11 I 11=1 I I I
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7.5 Appendix B contains example labeling of the following:

7.5.1 I-Flow labeling for catheter and needle.

7.5.2 B. Braun PeriW Epidural Catheter Set.

7.5.3 JeICOTM 14 G Catheter Introducer Needle.

7.6 Appendix C contains predicate labeling for the Sgarlato Pain Control Infusion
Pump (PCIP), Homepump C-Series and Homepump Eclipse.

8.0 REFERENCES

8.1 Appendix D contains the following articles:

8.1.1 "Local Anaesthetic Techniques for Prevention of Postoperative Pain" 
by

E. N. Armitage.

8.1.2 "Continuous Infusion Techniques for Postoperative Pain Relief"by John
H. McClure.

8.1.3 "Wound Infiltration with Local Anaesthetics for Postoperative Pain
Relief"by J. B. Dahl, S. Moiniche, and H. Kehlet.

8.1.4 "Bupivacaine Infusion for Iliac Crest Donor Sites" 
by R. A. Wilkes, and

W. G. Thomas.

8.1.5 "Postoperative Patient Controlled Regional Analgesia at Home" 
by N

Rawal, MD, PhD, J Hylander, RN, R Allvin, CRNA, J Hall6n, MD, K
Axelsson, MD, PhD, A Amilon, MD, and G Lidegran, MD.

8.1.6 "Postoperative Patient-Controlled Local Anesthetic Administration at
Home" 

by Narinder Rawal, MD, PhD, Kjell Axelsson, MD, PhD, Jan
Hylander, RN, Ren6e Allvin, CRNA, Anders Amilon, MD, Gunnar
Lidegran, MD, and Jan Hall6n, MD.

8.1.7 "Pleural Anesthetics Given Through an Epidural Catheter Secured
Inside a Chest Tube" 

by Joseph W. Baker, MD, and Curtis G. Tribble,
MD.

9.0 STANDARDS

9.1 There are currently no standards established for elastomeric infusion pumps.

10.0 PACKAGING

10.1 The Pain Buster kit components are packaged individually in either sterile Tyveo
pouches or sterile Form/Fill/Seal trays. The components of the kit are packaged
in a sealed tray.

10.1.1 Packaging is suitable for either radiation or ETO sterilization.

10.2 The PainBuster Infusion System will be packaged 6 kits per case.
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10.3 Package aging tests have been conducted on the individual components
packaging material. The results of bacterial dust challenge testing has
determined that the TyvekO pouches and Form/Fill/Seal trays used to package
the disposable PainBuster pump maintains sterility in excess of three years.
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PainBustei" Infusion System
DIRECTIONS FOR USE

INTENDED USE
The PainBuster is intended to provide continuous infusion of a local anesthetic directly into the intraoperative site for
postoperative pain management.

CONTRAINDICATIONS
This system is not designed for epidural, subcutaneous or vascular drug delivery. Not for blood, blood products
or TPN use. Not for chemotherapy drugs.

WARNINGS
" Single Use Pump. Do not refill. Discard after use.
" Do not overfill the pump. Follow manufacturer recommendations for filling.
" Medications being used with this system should be used in accordance with instructions provided from manufacturer.

DIRECTIONS FOR USE
Use Aseptic Technique

FILLING THE ELASTOMERIC PUMP
1 . Close clamp on tubing.
2. Remove protective cap from filling port.
3. Attach filled Syringe to the fill port and inject into pump. Repeat if necessary. Do not fill over 65mi or 125ml as

appli-cable. Replace fill port cap.
4. To prime the tubing, open the clamp on the tubing and allow fluid to fill the tubing. Close clamp until ready for use.
5. If necessary, attach connector to the catheter. Tighten until catheter cannot be removed.
6. Attach the connector of the catheter to the pump tubing.
7. Open the clamp for approximately 10 minutes to prime catheter, and then close the clamp.

PLACING THE CATHETER
1. Insert introducer needle through the skin into the surgical wound site.
2. Insert the catheter through the introducer needle and into the wound site.
Note. Do not place catheter into blood vessel.
3. Remove introducer needle and tape catheter securely in place.

DISTAL END
CAP

STARTING THE PAIN RELIEVER SYSTEM
1. Open the clamp to begin delivering medication.
2. Apply desired dressing.
3. Secure Pain Control System to the outer

dressing with tape as desired. FLOW CONTROL
TUBING 

i==__

SPECIFICATIONS
1. Set priming/residual volume is less than 5 mi. FILTER

2. Delivery accuracy is ±1 5% (at a 95% confidence level) of the
labeled infusion period when delivering saline at 880F (31 0 C).

NOTES:
1. The infusion times for each administration set are indicated on the

administration set label.
2. Actual infusion times may vary from the labeled infusion period due to:

-viscosity and/or drug concentration.
-positioning the Painbuster above (decrease) or below (increase)
the catheter site.
Note: The magnitudes of these effects have not been quantified.

3. This product uses DEHP plasticized PVC. Certain solutions may be incompatible with
the PVC material used in the administration set. Consult the drug package insert and
other available sources of information for a more thorough understanding of possible
incompatibility problems.

Infusion is complete when the Elastomeric pump is no longer extended.

CAUTION
Federal (USA) law restricts this device to sale by or the order of a healthcare professional.

FILL PORT
1111ý CAP

r7 - FILL PORT

ELASTOMERIC

CLAMP

A PRODUCT OF

(06

I-FILOW WCORK RATION
LAKE FOREST, CA 92630

U.
1301891A

2/98

I iamýL F ý 1111 1 1 1 1 ýV 1 11-
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ýAppenuix b
I-'ump F-Iow Rate Label

65 ml x 0.5 ml/hr

R
PL)

0.422

0.875

9ý-
I' - -- nil 11 1 , ý, I
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iAppenuix m

`ýýjmp Flow Rate Label
125 ml x 1.5 mi/hr

A n.

0.875
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Appendix b

Pump Flow Rate Label

125 ml x 2 ml/hr

0.875
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Pump Pouch Label
65 ml x 0.5 ml/hr

PRODUCT OF I EINE PRODUKT VON I UN PRODUIT DIE / UN PRODUCTO DE CONTENTS / INHALT /

CONTENU / CONTENIDO: 1

REF P065005

I-FLOW CORPORATION, LAKE FOREST, CA U.S.A. PART NO. 5001060

PainBuster TM Infusion Pump
65 ml Volume, 0.5 ml/hr

ISTERILEI __j 2

SEE DIRECTIONS FOR USE.
CAUTION: FEDERAL LAW (U.S.A.) RESTRICTS THIS DEVICE TO SALE BY OR ON THE ORDER OF A HEALTHCARE PROFESSIONAL

Manufactured by I Hersteller von CE European Represeritafive / Europaische Vertretung /
Fabrique par I Fabricado por: 

0123 Reprisentant pour I'Europe / Representante Europeo:
[-Flow Corporation MPS Medical Product Service GmbH
Lake Forest, CA 92630 U.S.A. Bomgasse 20, 35619 Braunfels, Germany

1301897A

ýf
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_VW--

-Pump Pouch Label
125 ml x 1.5 mithr

PRODUCT OF / EINE PRODUKTVON I UN PRODUIT DIE I UN PRODUCTO DE

(Maw.

I-FLOW CORPORATION, LAKE FOREST, CA U.S.A.

CONTENTS / INHALT /

CONTENU / CONTENIDO: 1

REF P125015
PART NO. 5001061

PainBuster TM Infusion Pump
125 ml Volume, 1.5 ml/hr

A (T ISTERILE1 _ý 2

SEE DIRECTIONS FOR USE.
CAUTION: FEDERAL LAW (U.S.A.) RESTRICTS THIS DEVICE TO SALE BY OR ON THE ORDER OF A HEALTHCARE PROFESSIONAL

Manufactured by / Hersteller von European Representative / Europaische Vertretung I
Fabrique par / Fabricado por: CE Repr6sentant pour I'Europe / Representante Europeo:
I-Flow Corporation 

0123 
IMPS Medical Product Service GmbH

Lake Forest, CA 92630 U.S.A. Bomgasse 20, 35619 Braunfels, Germany
1301898A

C fK-7
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Appenclix L3
Pump Pouch Label

125 mi x 2 ml/hr

PRODUCT OF / EINE PRODUKr VON / LIN PRODUIT DE) UN PRODUCTO DIE

U411W.
I-FLOW CORPORATION, LAKE FOREST, CA U.S.A.

CONTENTS / INHALT /

CONTENU / CONTENIDO:

REF P125020
PART NO. 5001062

PainBuster TM Infusion Pump
125 ml Volume, 2 ml/hr

ISTERILE1 ýi F 

- 
-1L 

0- 
_T

SEE DIRECTIONS FOR USE.
CAUTION: FEDERAL LAW(U.S.A.) RESTRICTS THIS DEVICE TO SALE BY OR ON THE ORDER OF AHEALTHCARE PROFESSIONAL

Manufactured by / Hersteller von European Representative / Europaische Vertretung /
Fabrique par / Fabricado por: 

CE Repr6sentant pour I'Europe / Representante Europeo:
I-Flow Corporation 

0123 
MPS Medical Product Service GmbH

Lake Forest, CA 92630 U.S.A. Bomgasse 20, 35619 Braunfels, Germany
1301899A

ý'j
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Lidstock Label

65 ml x 0.5 mUhr

PainBuster TM Infusion System
REF P065005

65 ml x 0.5 mi/hr

Contents of unopened, undamaged package are:
STERILE

DISPOSABLE - Destroy after single use.
Do not clean or resterilize.
Store at controlled room temperature.

CAUTION: Federal (U.S.A.) Law restricts this device to sale
by or on the order of a healthcare professional.

REFER TO OPERATING INSTRUCTIONS PRIOR TO USE.

ONE SYSTEM CONTAINING:
* 65 ml PainBuster Infusion Pump
* 20Gx 391/2in. PainBuster Catheter
-14Gx 21/2in. PainBuster Catheter Introducer Needle

Manufactured By:
I-FLOW CORPORATION
Lake Forest, CA 92630
U.S.A.

U.S. Pat. Nos. D324,91 1; 5,080,652; 5,105,983; and Foreign
Pat. Pend.

LOT NO.:
USE BEFORE: 1301892A

PEEL TO OPEN

(ýX-

AIMý17' 
ý 

71" IV" 
11 1ý111 I 1=1 I I
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"F'P .....

-L10 stock Label

125 ml x 1.5 mVhr

PainBuster TM Infusion System
REF P125015

125 ml x 1.5 ml/hr

Contents of unopened, undamaged package are:
STERILE

DISPOSABLE - Destroy after single use.
Do not clean or resterilize.
Store at controlled room temperature.

CAUTION: Federal (U.S.A.) Law restricts this device to sale
by or on the order of a healthcare professional.

REFER TO OPERATING INSTRUCTIONS PRIOR TO USE.

ONE SYSTEM CONTAINING:
* 125 ml PainBuster Infusion Pump
* 20Gx 39Y2in. PainBuster Catheter
* 14 G x 2 % in. PainBuster Catheter Introducer Needle

Manufactured By:
I-FLOW CORPORATION
Lake Forest, CA 92630
U.S.A.

U.S. Pat. Nos. D324,91 1; 5,080,652; 5,105,983; and Foreign
Pat. Pend.

LOT NO.:
USE BEFORE:

PEEL TO OPEN

1301900A

1ý "T I' - IF 1111 1 1 . _11 I .. _. . I .
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ýýppenajx t5
!_idstock I-abel

125 ml x 2 ml/hr

PainBuster TIVI Infusion System
REF P125020

125 ml x 2 ml/hr

Contents of unopened, undamaged package are:
STERILE

DISPOSABLE - Destroy after single use.
Do not clean or resterilize.
Store at controlled room temperature.

CAUTION: Federal (U.S.A.) Law restricts this device to sale
by or on the order of a healthcare professional.

REFER TO OPERATING INSTRUCTIONS PRIOR TO USE.

ONE SYSTEM CONTAINING:
* 125 ml PainBuster Infusion Pump
* 20Gx 391/2in. PainBuster Catheter
-14Gx 21/2in. PainBuster Catheter Introducer Needle

Manufactured By:
I-FLOW CORPORATION
Lake Forest, CA 92630
U.S.A.

U.S. Pat. Nos. D324,91 1; 5,080,652; 5,105,983; and Foreign
Pat. Pend.

LOT NO.:
USE BEFORE:

PEEL TO OPEN

1301901A

90

I !ýý " 7, ý 71 M- 11 1 1 -.11 1 . - - -
FOI - Page 83 of 162



Appendix B
QainBuster Box Label

65 ml x 0.5 ml/hr

A PRODUCT OF / EINE PRODUKT VON I UN PRODUIT DE / UN PRODUCTO DE COWMNTS / INHALT I CONMNU / COWENIDO: 6

U 0 REF P065005
I-FLOW CORPORATION, LAKE FOREST, CA U.S.A. PART NO. 05001060

PainBuster"m Infusion System
65 mi Volume, 0.5 ml/hr

(I ISTERILE1 1 2
CAUTION: FEDERAL LAW (U.SA) RESTRICTS THIS DEVICE TO SALE BY OR ON THE ORDER OF A HEALTHCARE PROFESSIONAL. SEE DIRECTIONS FOR USE.

Manufactured by i Hersteller von European Representative/ Europai*cM Vertretung /
Fabrique par / Fabricado por Repr6sentant pour I'Europe i Representante Europeo:
I-Flow Corporation CE MPS Medical Product Service GmbH

Lake Forest, CA 92630 U.S.A. 0123 Borngasse 20, 35619 Braunfels, Germany
13010"

, 
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Appendix b
PainBuster Box Label

125 nril x 1.5 ml/hr

A PRODUCT OF/ EINE PRODUKTVON I UN PRODUIT DE/ UN PRODUCTO DE

(I QD

I-FLOW CORPORATION, LAKE FOREST, CA U.S.A.

COMWS / INHALT I CONMNU I CONMIDO: 6

REF 
P125015-

PART NO. 5001061

PainBuster"m Infusion System
125 ml Volume, 1,5 ml/hr
STERILE

CAUTION: FEDERAL LAW (U.S.A.) RESTRICTS THIS DEVICE TO SALE BY OR ON THE ORDER OF A HEALTHCARE PROFESSIONAL. SEE DIRECTIONS FOR USE

Manufactured by / Hersteller von European Representative i Europaische Verbatung /
"abfique par / Fabricado por Repr6sentant pour I'Europe / Representante Europeo:
I-Flow Corporation CE MPS Medical Product Service GmbH
'-ake Forest, CA 92630 U.S.A. 0123 Bomgasse 20, 35619 Braunfels, Germany

13MOM

910-
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Appendix b
QainBLIster Box Label

125 ml x 2 ml/hr

A PRODUCT OF/ EINE PRODUKTVON I LIN PRODUIT DE I UN PRODUCTO DE COUMNITS I INHALT I COUMNU I COWENIDO: 6

00 0 REF P 125020
I-FLOW CORPORATION, LAKE FOREST, CA U.S.A. PART NO. 5001062

PainBuster TM Infusion System
125 ml Volume, 2 ml/hr

(T I STERILE 1 1 2
CAUTION: FEDERAL LAW (U.S.A.) RESTRICTS THIS DEVICE TO SALE BY OR ON THE ORDER OF A HEALTHCARE PROFESSIONAL. SEE DIRECTIONS FOR USE.

Manufactured by if Hersteller von
Fabrique par / Fabricado por
I-Flow Corporation
Lake Forest, CA 92630 U.S.A.

European Representative / Europaische Vertretung I
Repr6seintant pour I'Europe i Representante Europeo:

CE MPS Medical Product Service GmbH

0123 Bomgasse 20, 35619 Braunfels, Germany
13MOM

9"s

-_- I , 1, -1, rMl I I T 1ý1111! I I I I
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I-Flow Needle Label

SINGLE USE ONLY - READ INSTRUCTIONS * SINGLE USE ONLY - READ INSTRUCTIONS

14 G REF 6W1 000
2 % in. I-Flow Needle I-Flow Corporabon

Lake Forest CA 92630
(57mm) U.S.A.

STERILE UNLESS OPENED OR DAMAGED - STERILE UNLESS OPENED OR DAMAGED

(T-
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Jelco Needle Label

W@7W SMI USE ONLY FM MRUCMS SWE USE OXY FM WRUCTKW OU USE OKy FEW MW

AMAGED ETD STERILE AND 11011111PYROGENIC OMS OPEKO OR DAMAGED ETD SMILE AND NOW V DGEW UWA OPEN OR DAI

1ý,
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Appendix B
I-Flow Catheter Label

z
III
a.
0
_jLULU
CL

z
U.1
(L
0
_j
LU
U.1
(L

I-Flow Catheter Set
Contents of unopened, undamaged
package are:
STERILE

Contents:
One - 20 G x 39.3 in. (100 cm)

Open End Catheter
One - Screw Cap Luer Lock

Catheter Connector

CAUTION: Federal (U.S.A.) Law
restricts this device to sale by or on
the order of a healthcare profibassional.

REF 5000999
DISPOSABLE - Destroy
after single use. Do not
clean or resterilize.
Store at controlled room
temperature.

I-Flow Corporation
Lake Forest, CA 92630
U.S.A.

1300999A

(L
X
W

0
_j

I' ý
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B Braun Catheter Label

PF

z
LAJ

Uj
LAJ
0-

CL

LU
LU
CL

L

x
U.
AWIMW

CC

LLJ

CL.

x

U-LU

CL

x

LL.

Cr.

LU

CL.

PERIFIV PRODUCT CODE

Epidural Catheter Set EC20-C
333530

Contents of unopened, undamagedDISPOSABLE - Destroy after single
package are: use. Do not clean or resterilize.

STERILE Store at controlled room temperature.

CONTENTS:
One - Marked 20 GA. x 39.3 in. (100 cm)

Radiopaque Polyarnide Epidural
Catheter with Closed Tip and Three
Lateral Sideports

One - Catheter Threading Assist Guide111 BRAUNOne - Screw Cap Luer Lock Catheter
Connector B. Braun Medial Inc.

Bethlehem, PA 18018
CAUTION: Federal (U.SA) Law restricUA.Wnbled and packa* in USAthis device to sale by or on the order of aComponents ma in U rde A and Germany
physician.

F1-nW '- ý P". 30

C14
CD
*ftft
F-4

Go

qý
11 1 ý11 I Hal I ý a I

FOI - Page 90 of 162



1 atheter Directions for Use

PERIFIX@ Epidural
Catheter Directions

Contents of unopened, undamliagels package are:

STERILE
DISPOSABLE - Clestiviv after single use. Oo not
clean oroesses d

-Store at controlled roorn temperature.
1z"

Qý: Federal (USAJ Law restricts this
device to sale bV or on the order of a phvsician.

OWACnM- Use Aseptic Tedwailue.

Following puncture and venfication of the Evidurat
Space, anovalloot the ordlett no through the Epiduraj
Netalle using the:

(11 Threse" Assist Guide. The guide r
wig incressit longitudinal stabilitir of
the 4311"Khe C
CAUTION.- 00 NOT WM40RAW

CATH-ETO THROUGH NEEDLE BECAUSE OF
THE POSSISM DANGER OF SHEARING.

Intent catheter to desired depth. Catheter mantings:
5.5 an fl rinqj- 10.5 cm 112 ringsil- I&S cm 13 rinissi
in I cm menninerim 20.5 cm (4 rings). The solid wiae
wam" mark indicates exit of Catheter from neecte
when using me Threading Assist Guide and a PERIFIX!
Epithelia Needle. The catheter will exit I cm before

the warning mark when not using the Threading
Assist Guide.

Re I o"t needle and Threading Assist
Guide over catheter while holding
catheter tightly in

place-(2) introduce distal end of catheter as far
as possible in central opening of

trains-parent screw cap of catheter connector,

131 Tighten screw cap, until catheter
can no longer be withiglim.
ter test dose. Administer anesthetic as
needed.

BIBMUN
B. Braun Medical Inc.
Bethlehem, PA 18018
A48M76 P-3050 REV. 8195

11W

qr
I I I vatiatill I 1 1111111 W 1 0
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Appendix C

Predicate Labeling
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Sgarlato Pain Control Infusion Pump Predicate Labeling
The following contains example labeling from the Sgarlato Pain Control Infusion Pump:
0 Directions for Use

" Kit Tray Label

" Special Instructions

" Abbrev. Pain Control Infusion Pump Instructions

" Pain Control Infusion Pump Patient Instructions

Pain Control Infusion Pump Medical Necessity

Background and Significance of Pain Control Infusion Pump - 
"PCIP"

Brochure, "A Significant Improvement in Portable Infusion"

More background information on Pain Control Infusion Pump
B. Braun Medical Engineering Memo

I 1ýýR ii Ti ýW I I I ý, I 1 ..-1 1 1 .
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INDICATIONS
The system is indicated for the relief of pain in patients
following surgery, by the continuous administration of
medication into the wound site. It is convenient for use
by ambulatory patients.

CONMNOICA11ONS
Not Intended for intravenous infusion.

WARNINGS
DISPOSABLE - Destroy after single use. Do not refill
or resterilize.
Do not overfill device.
Follow drug manufacturer's instructions for the

med-ication being used.

CAUTION
Federal (U.S.A.) Law restricts this device to sale by or
on the order of a physician.

DIREMONS FOR USE:
Use Aseptic Technique.

FILLING RUERVOIR PUMP
I . Close on/off damp of medication tubing.
2. Remove protective cover from female luer lock

filling port and discard.
Attach 60 mi syringe without needle to NNW port
at the top of the Pump Reservoir (refer to figure
1.). Fill reservoir with up to 100 ml of medication.

4. Once filling is complete, remove syringe.
Secure-ly attach blue replacement cap to filling port to

maintain a sterile filling port.

PRIMING SYSTEM (refer to figure 3a.)
I . Attach dear connector to medication catheter by

pushing catheter into connector as deeply as
possible. Twist connector as tightly as possible,
use NUMM MAIM FORCE to screw connector
components together to assure that the catheter
will riot put[ out. It Is almost impossible to constrict
the catheter flow by maximum tightening.

2. Hold system reservoir and fitter in upright position.
Loosen proximal luer connector (green) to allow
trapped air to exit

3. Open ontoff clamp (solution will automatically
begin to flow Into tubing and catheter). (Tighten
proximal luer connector when fluid flow without
air reaches connector.)

4. Hold the SW verficaly and tap filter Nhtly to remove
air bubbles.

Manufactured for

SGUILATO LABORATORIES9 INC.
237 ALMENDRA AVE.
LOS GATOS, CA 95030
Phone 1-800-421-5303

1-408-399-4638
Fax 1-408-354-4922

A48011164 P-2143-3 REV. 1/97

Keep priming until all aiý has t,,,een purc.pd from
tubing, filter and catheter.

6 Allow 10 minutes before placing catheter in patient
to see medication drops flow to the end of tho
medication catheter. if flow is not seen, attempt
priming with 60 ml syringe filled with 10 ml oir
more of medication. Clamp off tubing with pinch
clamp. Disconnect proximal luer connector and
attach distal connection to syringe. Aspirate air
bubbles and then force medication distally until
drops of medication are seen at distal end of
medication catheter. It flow is not seen, discard
unit and repeat above steps with new Pain Control
Infusion Pump unit. If flow is seen, reattach

proxi-mal connector and release pinch tubing clamp.

PLACING CATHETER (refer to figure 2.)
NOTE: Prime system completely prior to placing
cathete r.

MEMOD k' FROM INSIDE THE WOUND
1 . Push introducer needle from the surgical wound

site subcutaneously and puncWre through skin at
a desired location away from the surgical wound
site.

2. Thread open end of catheter through ft tip of the
catheter introducer needle at the puncture site
until the catheter is seen in the surgical wound site.

3. Place the end of the catheter in an appropriate
location (not ina vessel) within the surgical wound
site.

4. Tape catheter to 11he skin to prevent the catheter
from pulling out of the wound site. It is most
effective to tape in a linear parallel manner to the
catheter (refer to figure 3.)

5. Remove introduoer needle I rorn wound site leaving
catheter in place and dispose of needle in

accor-dance with institutional protocol.

MUHOD B: INSHITION THROUGN SEN
1 . Puncture introducer needle through the skin at a

desired location external to the surgical wound
site; push the introducer needle subcutaneously
into the surgical wound site.

2. The catheter is left free, unattached from the
connector. Push catheter into the hub end of the
needle and allow cathor to exit at the needle Up
into the surgical wound site.

3. Remove introducer needle and tape catheter as
described in Method A steps 4 and 5 above.

4. Attach catheWr to dear connector per Priming
Sys-tem Procedure Step 1.

DESCRIPTION

The Pain Control Infusion Pump is
a complete, lightweight, disposable
device which uses a constant

inter-nal pressure to infuse medication
for control of pain. The system is
designed to deliver medication

con-tinuously into the surgical wound
site over the infusion period.

figure 1.

60 ml Syringe

Female Luer
Fillina Port

Pain Control
Reservoir pump

figure 2.

Surgical Wound

Catheter Introducer
Needle
,I -

Medication
Remove Catheter Catheter
Introducer Needle

Medication
Catheter

figure 3b. 
Ta figure 3a.

On-off Clamp
Filter Male Lue

Medication Connector
Catheter

Pain Control Reservoir Pump

Pain Control System_
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AM - Is"M
E Pain Wntr*1 OYSNM

for continuous delivery of medication for
control of pain

RATE: Approximately 2.0 ml/hr

AIN
IN

C

PRODUCT CODE:

PC20N-N
Contents of unopened, undamaged package are:
STERILE * NONPYROGENIC

DISPOSABLE - Destroy after single use.
Do not clean or resterilize.
Store at controlled room temperature.

CAUnON: Federal (U.S.A.) Law restricts
this device to sale by or on the order of

REFER TO OPERATING INSTRUCTIONS
PRIOR TO USE.

U S. PATENTS 4,997.420 AND 5,078,679 AND OTHER
PATENTS PENDING

OW SYS= CONTAIMIN:
* 100 ml Medication Reservoir Pump
* 34 inch Medication Tubing
* 5 micron Medication Filter and Flow

Regulator
* 39-1/2 inch Medication Catheter

18 GA. x 2-1/2 in. Catheter Introducer
Needle
60 ml Syringe
Catheter Tape
Replacement Cap
Carrying Harness

Wintilar.tweltor

URUTO LABORATORIES9 INC.
237 Almendra Avenue
Los Gatos, CA 95030
Phone 1-800-421-5303

1-408-399-4638
Fax 1-408-354-4922
'11 '%9W 1 2'-ýl 1

ft7M-C-W" Mkajeli " 

LOT NO.: 914420 
PRODUCT CODE:

Pain coftell S"t= PEEL TO OPEN

h-
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Special Instructions: Please Review

MedicalTubing

4- Tighten Gently
(will crack with too much force)

Securely Ilighten -4
(as tight as possible)

ýAMMýM I , I rwl- I t I ý111 I 11MW I i I
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ABBREV. PAIN CONTROL INFUSION PUMP MSTRUCTIONS
Additional information is provided inside the sterile kit.

IMPORTANT: Use aseptic technique.
RECOMMENDED: Administer prophylactic antibiotic.

FILLING RESERVOIR PUMP*

1. Disconnect flow regulator from tubing at green male luer.
2. Close on/off clamp at the very end of tubing (next to green male
luer).
3. Draw medication into 60 ral syringe. Remove air bubbles.
4. Remove and discard protective cap on top of reservoir filling port.
5. Attach 60 ml syringe without needle to reservoir filling port and
load up to 100 m.1 of medication.
6. Remove syringe and attach blue replacement cap to filling port.
7. Prime reservoir and tubing by briefly opening clamp to let air
bubbles out.
8. Connect flow filter to tubing. Do not tighten excessively. Open
clamp.

0

1. Puncture blue introducer needle through the skin external to the
surgical wound site. Push needle subcutaneously into the wound
cavity.
2. Feed micro catheter through needle and allow catheter to exit at
the needle tip into the wound at the desirable surgical plane.
IMPORTANT: Do not put catheter in Ilood vessel.
3. Remove and discard needle, leaving catheter in place.
4. Tape catheter to body very near to the insertion site utilizing the
3-4 loop technique in order to keep catheter securely in place.
5. Insert catheter as deeply as possible (apx. 1/2 inch) into
connector. Twist connector as TIGHTLY AS POSSIBLE to assure
that catheter will not pull out.
6. Tape connector below patient's knee (if procedure is below the
knee). RECOMMENDED: Place gauze pad between body and
connector for comfort.
7. Attach carrying harness to reservoir. Patients can wear or carry
device however they prefer.

9ý
11 1ý I ýV t 11=1 1 1 1 1
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PAIN CONTROL INFUSION PUMP PATIENT INSTRUCTI NS

The PCIP Pain Control System is a portable infusion pump designed
to deliver medication directly to the surgical site for management of
pain.

How the System Works

PCIP administers local pain medication directly to the pain site via a
tiny tube which is placed inside the wound by the physician during
surgery. Pain relief is provided directly where it is needed. This is
an alternative to other forms of therapy such as pain killers and
narcotics taken orally which go throughout the entire body and
sometimes cause side effects such as drowsiness, disorientation,
nausea or other adverse reactions.

PCIP is comprised of a reservoir with internal spring pressure, tubing
and a very precise flow regulator. The device has been filled with
medication to flow continuously for a specific period of time. The
system should remain completely intact for the duration of the
period. Do not remove the blue cap or disconnect the device in any
way.

If ComUlicatiolls Arise

If you experience any problems with the PCIP unit such as leakage,
the device becoming disconnected, the tube pulling out of the wound
site, or if you experience discomfort or excessive pain, call your
physician immediately. He/she may prescribe supplemental
medication if necessary.

There is a white clamp on the thicker tubing to restrict the fluid flow
if necessary. This should be done only upon the direction of your
doctor. As a general rule, you do not have to do anything with the
unit because it is fully self contained and automatic.

Sý(-
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PAIN CONTROL INFUSION PUMP Medical Necessity

Postoperative pain management is an important concern for
anesthesiologists and surgeons. Adequate pain control has been
shown to reduce morbidity by improving mobility and decreasing
the risk of developing deep venous thrombosis. Patient satisfaction
is also increased with control of postoperative pain.

Systematic drugs such as narcotics can provide analgesia but
often have side effects such as respiratory depression, excessive
sedation nausea and vomiting. Regional anesthesia with local
anesthetic reduces the need for systematic medications but requires
a pain injection and repeated dosing.

Local infiltration of a surgical incision with a local anesthetic
has been shown to provide adequate anesthesia. Techniques used
include bathing the incision with local anesthetic prior to closure
(provides limited duration of pain relief), repeated injections into
wound (painful, increased risk of wound infection and

time-consuming and placement of an epidural catheter into the wound to
allow repeated boluses of local anesthetic. The last technique still
requires additional time from the care given to provide the
additional doses.

The Pain Buster infusion pump is a cost effective
ambulatory, disposable elastomeric pump designed to continuously
deliver a local anesthetic (Bupivacaine 0.25%). It has been
developed to produce analgesia for the control of excruciating
postoperative pain.

I 110ý1 I M I i 1r I till" I I I
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Background and Significance of Pain Control Infusion Pump - 
"PCIP*

Post-operative pain management is an important concern for anesthesiologists and

surgeons. Adequate pain control has been shown to reduce morbidity by improving mobility and

decreasing the risk of developing deep venous thrombosis. Patient satisfaction is also increased

with control of post-operative pain.

Systemic drugs such as narcotics can provide analgesia but often have side eff ects such

as respiratory depression, excessive sedation, nausea and vomiting. Regional anesthesia with

local anesthetic reduces the need for systemic medications but requires a painful injection and

repeated dosing.

Local infiltration of a surgical incision with a local anesthetic has been shown to provide

adequate anesthesia. Techniques used include bathing the incision with local anesthetic prior to

closure (provides limited duration of pain relief), repeated injections into the wound (painful,

increased risk of wound infection and time-consuming) and placement of an epidural catheter into

the wound to allow repeated boluses of local anesthetic. This last technique still requires

additional time from the care giver to provide the additional doses.

The PCIP medication infusion pump is a cost effective ambulatory, disposable, spring

activated pump designed to continuously deliver a local anesthetic (Bupivacaine 0.25%). It has

been developed to produce analgesia for the control of excruciating post-operative pain.

PCIP is assembled aseptically in a Clean Room (Class 100). It consists of simple

assembly of components already used in medical devices. A spring is mounted on a-. syringe

plunger and capped by an outer shelf. Medical grade PVC tubing is connected to the syringe. A

micro-glass cannula is placed in the end of the PVC tubing exiting the connector. A catheter is

connected to the end of the PVC tubing. A "Y" connector may be added to add a catheter for

more than one delivery site.

When medication is injected into the injection port, it flows into the syringe, pushing the

syringe plunger against the spring. As the syringe reservoir is filled, the spring produces more

pressure on the plunger, providing pressure on the m&ication fluid. The medication then flows

through the micro-glass cannula which controls the rate of flow (in a fail-safe manner). The fluid

exits the system via the epidural catheter. Any break in the system will result in reduced or no

drug delivery to the patient.

Clinical experience demonstrates that excruciating post-operative pain decreases over

time in most patients. This observation is further demonstrated by the patient's diminishing need

for narcotic analgesia to control pain. Continuous infusion of local anesthetic should provide

analgesia and reduce the need for systemic medications with little risk to the patient.

Xý
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'Take Aim
at the Site of Paiirý
Now you can provide your pat!Eý[`ItS ""i i t 1-11

safe, reliable, and accurate contim,j(ý.)us
infusion via Sgarlato Lab's Surgil"EA(H pump
system, SP is suitable for delivery of
anesthetic directly to the pain Site. Ther,' ý are many
potential applications for pain mancigernent,

The SP system is a complete, lightweighf
disposable device which provides consiant
internal pressure via a unique precision
compression spring and a flow resistor tc') provide a
consistent infusion flow rate throughout the entire
course of therapy, The flow rate is selected by the
physician and cannot be changed by the patient
thus ensuring safety and efficacy, The medication
reservoir is constructed of a high quality durable
and stable plastic which is suitable for ambulatory
use. This simple and practical system is an
excellent low cost option for many of your
pain treatment needs.

Sgarlato Laboratories, Inc.

237 Almendra Avenue
Los Gatos, CA 95030

(800) 421-5303
(408) 399-4638

Patent 5,078,679 Patent 4,997,420 FAX (408)354-4922
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Safe and Accurate
0 C onsistent and reliable flow rate throughout therapy via a precision

compression spring.
a Tamper resistant design and unique flow restrictor prevent excess

drug 
dbil;N- W"' 

"d'h"d rate manipulation.
Sterile "closed" system design with integrated tubing reduces risk of
contamina, On.

C Agleuse.),Qs _6A 
11 

iiý%67

an' d' Qmpact I enc urd'g c mp ianceUghtwe'! tif

Flexible
Currently there, are three flow rates available.

Model # ý1ý1ýý/'Rate Max Volum e I nf6s i go Ti me
SP500 M MI/hr 100 ml 8 days
SP1000 1 ml/hr 100 ml 4 days
SP2000 2 ml/hr 100 ml 2 days

Reliable and Durable
4s on barrel show exactly how muc1r) fluid is in the()uter marking

reservoir at any p-oint in fime,
* Durable hard plastic pump design minimizes possibility of pump being

-term use.damaged or crushed, especially for long
e N1 polypropylene housing provides for greater drug stability and

less sensitivities compared to elastomeric pumps Drug stability
information is available, *"%00

_ýo
C'ost Effective 30
0 Low 1--ost 40
* Reduces or elirriýr:lates potentially expensive clinician 

50intervention time,
* Low cost alternative to other more costly, fornýwof

-70pain treatment.
--80

Indications and Usage: For patients requiring slow continuous -90
administration of medication. It is convenient for ambulation use
for inpat!

Con rain 100

Kit Options, C
ý::ýonnector, er for multiple cathete

Sgarlato Laboratories, Inc.

237'Nmenal a Avenue
ýLos Gatos, CA 95030

(800) 421 -5303
(408) 399-4638

FAX (408)35,4-4922

rs.
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Hornepurnp C-Series Predicate Labeling

The following contents are example labeling from the Homepump C-Series 65ml Volume, 0.5 ml/hr
flow rate model:

" P/N 111111 - Directions for Use

" P/N 1301712 - Flow Rate Label

" P/N 111112 - Pouch Insert

" P/N 1301758 - Pouch Label
" P/N 1301757 - Inner Box Label

" P/N 1301759 - Shipper Box Label

I

ý ý7

I I 7i I I I i i 111 1 1 T ýt I 11W I I I

FOI - Page 106 of 162



HOMEPUMP9
MC INIRMON SYSTIMI

DELIVERY TIME

The Homt2ump Disposable El stomeric Infusion System is designed for use by ambulatory patents.
The Homepump is indicated continuous delivery of medications through intravenous, intra-arterial, subcutaneous or epidural routes.
The Homepump is not intended for the delivery of blood, blood products or TPN.
The Homepump tubing is made of DEHP plasticized PVC.
EpIdural Administration: Epidural infusion of analgesics is limited to use of indwelling catheters specifically designed for epidurall delivery.
To prevent infusion of drugs not indicated for epidural use, do not use IV set with additive ports. It is strongly recommended that devices
used for administration of medication via epidural routes be clearly differentiated from all other infusion devices.
Warning: Epidural administration of drugs other than those indicated for epidural use could result in serious injury to the patient.
It is the responsibility of the pharmacist to assure, that the medication is prepared and administered in accordance with the drug
manufacturer's package insert. It is the responsibility of the healthcare provider to assure the patent is educated on the proper use of this
product.
Refer to Center for Disease Control Guideline for Prevention of Intravenous Thempyýrelafed Infections for specific recommendations
regarding the usage of IV administration sets.

FILL PCINT" Do not use while showering, bathing, or swimming. CAP
" Do not microwave or submerge in water. 

COSTAL END 
FU PORT

" Do not rouse. W- 

11
Use aseptic technique. 

EKTONM

1 . Remove filled Homepump from protective plastic bag and verify that the clamp on the spa

tubing is closed. PLOW_
RESTRICTE112. Remove distal end cap from tubing. Open clamp. Fluid will fill the tubing set. When

all air has been expelled from the tubing set, close clamp.
3. Attach the Homepump tubing to the appropriate access site, as instructed by your FILTER CLAMP

healthcare provider.
4. Begin infusion by opening the clamp.
5. When the elastomeric membrane is no longer extended, infusion is complete;

disconnect and dispose of the Homepump as instructed by your healthcare provider.

Effects of Environmental Factors (such as stors" time, temperature, solution viscosity,
backpiressure, and/or fill volume) on Infusion Delivery TI

The information below will assist the healthcare provider in understanding these factors:
1 . C-Series Homepump delivery should be started immediately after filling. Storage of a filled Homepump unit for more than 8 hours prior

to starting infusion may result in a 10% longer delivery time.
2. If a filled Homepump unit needs to be stored in the refrigerator or freezer, for any reason, allow the unit to warm to room temperature

before using: If refrigerated, allow 4 hours for C060020, C065005, C100020, C125050; allow 12 hours for C270010, C270020, C270100.
If frozen, allow 8 hours for 0060020, 0065005, C100020, C125050; allow 24 hours for C270010, C270020, C270100.

Note: Delivery time can increase significantly as a result of extended storage time.
3. The C-Sedes Homepump System is designed for the infusion tubing to be worn UndIr the clothing, while the Homepump reservoir can

be worn in the manner most comfortable to the patent. The Homepump flow restricter (located distal to the filter) should be close to,
or in direct contact with, the skin (31 OC/880F).
Temperature will affect solution viscosity, resulting in shorter or longer
delivery time. If the Homepump is used with the flow restricter at room Delivery Tims Information
temperature (20*C/680F), delivery time will increase by 25%. foir C-ftrim Hlomepumpe

A W- -- A I!- III k-AP F . .. y _WQ =IV on normal saune. P%OJUILIon ol
any drug or use of another diluent may change viscosity and result in
longer or shorter delivery time; use of DSW will result in a 10% longer
delivery time.

5. When administering through a central intravenous, arterial, or epidural
catheter, follow the instructions provided by the catheter manufacturer.
The length, diameter, and position (pressure at catheter tip) may affect
delivery time.

6. A Homepump filled with more Typkmd Flow Curve for a Homepump

than the nominal volume will I -_-'_........ _'-- I.... - ... .......... ......
infuse at a lower than nominal 7

flow rate. ............ ............ . . ...........

A Homepump filled with less than
the nominal volume will infuse at Z -8 ý:_-_:77. _-7
a higher than nominal flow rate. - --------

A PRODUCT OF

UTUMC
I-FLOW CORPORATION
LAKEFORIEST, CA 92630

USA

DIRECTIONS FOR USE
C-SERIES MODELS: C060020, C065005, C100020,

C125050, C270010, C270020, C270100

Ce"WeCasse" C1060so I
C121680 

1 C87me 1 C2780119 C2711160

NOMKSL FLOW ROOTS (,hinh) 2 0.5 a a Is

NOMM" VOLUMI I") as so 100 Its 270 270 270

MAXIMUM VOLUM Im INS 329 US 346

RiSTINNED VOLUW (0) 2 3 a 4 a

APPROX. DILIVIRY THAR VOLUMA 4MI)

sh

is h 38 35 75

ISh 42 F, ISO

24 h I I d SO 69 its age

so k so

4*hltd 36 ISO

72hiSd

001,04d

,"his$ Is@ 260

ed 200

?d ýý"""j IS. sn
...........

W

11 d

12 d

U.S. Pat. Nos. D324,911; 5,080,652; 5,105,963; and Foreign Pat. Pond.

-7. 

V 

1111118

I liý!i 7 
1' 
1: 
1 
r 
1"' 7 T111 I t I ýll 1 -1
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HOMEPUMPe
DSAIAX ELASTOMERIC INFUSION SYSWN

FOR SINGLE USE ONLY
" Fluid pathway and areas under

undisturbed protective caps are
sterile and nonpyrogonic.

" Do not remove from package until
ready for use.

" Do not use if previously opened or
damaged.

" See Directions for Use in the
dispenser box.

" Storage: 10*-40*C,
10-90% relative humidity.

DIFFUSEUR PORTABLE A USAGE
UNIQUE
" St6rile, apyrogbne.
" V6rifier 1'intiligrft du protecteur

individual avant usage.
" Se r6f6rer au mode d'emploi dans

Vemballage de protection.
" Conserver A 1 0*-40-C,

10-90% humidit6.

INFUSIONSGERAT ZUR
EINMALIGEN VERWENDUNG
" Auf Sterilitilit und Pyrogenfrelhelt
gepr0ft.

" Nicht verwanden, wenn
Schutzkappen abgefallen oder
gelockert sind oder wenn Packung
beschAdigt ist.

" Bitte Gebrauchsanweisung in der

Sammelpackung beachten.
" Lagerung: 10*-40*C,
10-90% Luftfeuchtigkeit.

BOMBA DE INFUSION PARA UN
SOLO USO
" Est6ril, apir6gena.
" No ublizar si el envase unitaho no
esta integro.

" Consultar all modo de empleo en la
caja dispensadora.

" Conservar a 10*-40-C,
10-90% humedad.

I STERILE I E70

A PRODUCT OF

('O!Fý
I-FLOW CORPORATION
LAKE FOREST, CA 92630

USA

CAUTION: Federal (U.S.A.) Law restricts this
device to sale by or on order of a physician.

U.S. Pat. Nos. D324,91 1; 5,080,652;
5,105,983; and Foreign Pat. Pend.

Assembled in Mexico 111112, Rev. B

TITLE: C-Series pouch insert

DRWG
NO: 111112 REVi B

PRINTEDSHT 3 OF 4 AT 100 %

4/1it-V*f,7

I ly `7 7, 31 11 . -
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DIRECTIONS FOR FILLING - Use Aseptic Technique.
1 . Remove the cap from the fill port and retain for Wer use.
2. The HOMEPUMP can be filled with a syringe or other tiring device. Remove all air from the

filling device and attach it securely to the fill port.
3. Close the clamp and fill the HOMEPUMP with no more than the recommended ma)dmum fill

volume.
4. Remove filling device from the fill port.
5. Securely attach the cap to the fill port.
6. Label with ft appropriate pharmaceutical and patent information.
7. Put HOMEPUMP into protective plastic bag for shipping and handling.

ANLEITUNG ZUM FOLLEN - Auf aseptische Arbeftswelse achten.
1 . Die Schutzkappe vorn F011port andemen und zur Safte, legen.
2. Die HOMEPUMP kann mit einer Spdtm oder einer anderen Fillivorrichtung gefolft werden. Die

gessmite Luft aus der F011vorrichtung entlemen. F011vorrichtung sicher mit denn F011port
verbinden.

3. Die Klemme schliessen und die HOMEPLIMP mft hOchstens dern empfbhlenen ma)dmalen
F011vollumen follen.

4. Die FOlivorrichWng vorn F011port entlemen.
5. Die Schutzkappe wieder aufsetzen.
6. Mit don entsprechanden pharmazeutischen und Patienteninibrinationen bezeichnen.
7. FOr den Versand, Transport und kurzftistige Lagerung vorgesehene HOMEPLIMP in den

Kunstsbff-Schutzbeutel verpacken.

J

INSTRUCTIONS POUR LE REMPLISSAGE - UtIllser une technique aseptique.
1 . Refirer le bouchon protecteur du site de remplissage et le mettre de oft.
2. La HOMEPUMP peut 6tre remplie avec une seringue ou un autre appareil de remplissage.

Expulser tout I'air de I'appareil de remplissage et raccorder le de fagon sOre au site de
remplissage.

3. Farmer le clamp et rempfir [a HOMEPUMP sans d6passer le volume de remplissage
ma)dmum.

4. Reftr I'appareill de remplissage du site de remplissage.
5. Raccorder le bouchon protecteur sur le site de remplissage.
6. Etiqueter avec les rensaignements pharmaceutiques et informations pour le, patient appropri6s.
7. Mettre la HOMEPLIMP dans le sac protecteur en plastique pour 1'exp6dition at la manutention.

INSTRUCCIONES PARA LLENAR - Use una tAcnica as6ptica.
1. Remueva la tape del orificio superior y ret6ngala.
2. Ell HOMEPUMP se puede Ilenar con una jednga u otro sistema de ilenado. Elimine todo el aire

del sisterna de Ilenado y corActelo firmemente al orificio superior.
3. Clams la pinza y Ilene el HOMEPLIMP sin sobrepasar el miximo volumen recomendado.
4. Remueva el sistema de flenado del orificio superior.
5. Vuelve a conecter la tape en el orificio superior asegurAndola firmemente.
6. MArque el HOMEPUMP con Is correspondiente informac!6n farmacbutim y del paciente.
7. Ponga el HOMEPUMP en la bolsa de pi6stico protectora para envio, y manejo.

TITLE: C-Sedes pouch insert

DRVVG
NO: 111112 REv: B

PRINTEDSHT 4 OF 4 AT 100 %

lllOý-l! 7 ' I -'f AT I li I - I I .
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I-FLOW CORPORATION
Labeling Specification Form Preparation Date: 02/04/98
0 DFU (Direction ifor Use) IZI Labels 0 Other

Part Number: 1301758 Revision: B Sheet: 1 of 1
Description: Label, [':'ouch, C-Series 65 ml Vol., 0.5 ml/hr

ijý 1
p R

!LR 

H1
A Production release per DCO 2952 10/15/97 RF
B Revised per DCO 3106 RF

1. Interpret dimension / tolerance in accordance with ANSI Y14.5M-1 982.
2. Material: M/F 1301723
3. Text and artwork to be centered on applicable sheet size.
4. Text and artwork color: BLACK
5. Label background color: WHITE
6. Outside perimeter of label to have corners: 0 radius, 0 sharp. 

CONTROL COPY7. 0 Single sheet printed on both sides.
8. ED Single sheet printed on one side. FEB 0 9 1998
9. 0 Standard size: 4.80" x 6.20" with 0. 15" Border For Artwork.
10. rx-1 Size: 3.75" X 5.5" MUST BE IN RE-D
11. Refer to attached original artwork for text details.

Notes: 1. Items with check mark in box are applicable (refers to items 6 through 10 above).
2. QC to add the following to kit issued labels: Lot Number and Expiration Date.
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PRODUCT OF / EINE PRODUKT VON / LIN PRODUIT DE / LIN PRODUCTO DE CONTENTS / I NHALT /

rfilý 

CONTENU/CONTENIDO: I

k-r- 0 REF C065005
WLOW CORPORATION, LAKE FOREST, CA U.S.A. PART NO. 5001013

HoMerPUMp 
ECLIPSE" C-Seriesx

65 ml Volume, 0.5 ml/hr M
E

ISTERILE1 EO]
CAUTION: FEDERAL LAW (U.S.A.) RESTRICTS THIS DEVICE TO SALE BY OR ON THE ORDER OF A PHYSICIAN.

SEE DIRECTIONS FOR USE.

Manufactured by / Hersteller von European Representative / Europaische Vertretung
Fabrique par I Fabricado por: Repr6sentant pour I'Europe / Representante Europeo:
I-Flow Corporation CE MPS Medical Product Service GmbH
Lake Forest. CA 92630 U.S.A. 0123 Borngasse 20, 35619 Braunfels, Germany

1301758B

: I jjý 
"TrIl I- 7,7T, -ITTJ 1 1 11 1 EMEN11 I 11MI i a I ,
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I-FLOW CORPORATION
Labeling Specification Form Preparation Date: 08/06/97

ZI Labels0 DFU (Direction for Use) 0 Other-
-Part Number: 1301757 Revision: A FSheet: 1 of 1

Description: Label, Box, Inner, C-Series 65 ml Vol., 0.5 ml/hr

1 . Interpret dimension / tolerance in accordance with ANSI Y1 4.5M-1 982.
2. Material: M/F 1301724
3. Text and artwork to be centered on applicable sheet size.
4. Text and artwork color- BLACK 

ONTROL COPY
5. Label background color: WHITE
6. Outside perimeter of label to have corners: IK radius, 0 sharp.
7. 0 Single sheet printed on both sides.
8. rx-1 Single sheet printed on one side.
9. 0 Standard size: 

4.80" 
x 

6.20" 
with 0. 

15" 
Border For Artwork.

10. MR Size: 3.75" X 8.0"

1-1. Refer to attached original artwork for text details.

Notes: 1. Items with check mark in box are applicable (refers to items 6 through 10 above).
2. QC to add the following to kit issued labels.- Lot Number and Expiration Date.

Approvals: Final Artwork
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I-FLOW CORPORATION
Labeling Specification Form eparation Date: 02/04/98_

00ther11 DFU (Direction for Use) Labels
TE-l' 

[

Part Number- 1301759 Revision: B Sheet: 1 of 1-.
Descriptiom Label, Box, Shipper, C-Series 65ml Vol., 0.5ml/hr

Revision

A

DC0',Hstorly

Production release per DCO 2952

sse,ý

10/15/97

',Chan 
0,,''

9

RF
Checked-JBy

LRH
-ReVised per DCO 3106 RF --SI?N

1 , I nterpret d imension / tolerance in accordance with AN S I Y 1 4.5M-1 982.
2ý Material: M/F 1301724
3. Text and artwork to be centered on applicable sheet size.
4 Text and artwork color: BLACK CONTRU COPY
5. Label background color: WHITE
6. Outside perimeter of label to have corners: 0 radius, 0 sharp.
7. El Single sheet printed on both sides.
8. 2_1 Single sheet printed on one side. MUST BE IN P
9. 0 Standard size: 4.80" x 6.20" with 0.15" Border For Artwork.
10. rx-1 Size- 3.75" X 8.0"

11. Refer to attached original artwork for text details.
Notes- 1. Items with check mark in box are applicable (refers to items 6 through 10 above).

2. QC to add the following to kit issued labels: Lot Number and Expiration Date..
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Homepump Eclipse Predicate Labeling

The following contents are example labeling from the Homepump Eclipse 50ml Volume, 50 ml/hr
flow rate model:

" P/N 111064 -Directions for Use

" P/N 1301713 - Flow Rate Label

" P/N 110876 - Pouch Lidstock Label

" P/N 1301758 - Pouch Label

" P/N 1301759 - Shipper Box Label

ý6 V
FOI - Page 117 of 162
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RATE

HOMEPUMP MODELNO: rnl/hr
CONTENTS' 

LOT NO:Fm(AwIPSE@ TWOUNITS.

STERILE, NONPYROGENIC FLUID PATHWAY IF PROTECTIVE CAPS ARE IN PLACE.

MPORABU BASTOMEWC WUSM 31; DO NOT USE IF PACKAGE HAS BEEN PREVIOUSLY OPENED OR DAMAGED.

- Use Aseptic Technique. - Do not use while showering, bathiling, or swimming. - Do not rouse.

DIRECTIONS FOR USE - Do not microwave or submerge in vivater. - Do not use With blood, blood products or TPN infusions.

1 . Allow Homepump Eclipse to warm to room temperature before using. (For guidelines, refer to the table on the reverse side.)

2. Verity that the clamp on the tubing is closed.

3. Remove the cap from the end of the tubing; if required, attach a needle and remove its cover.

4, Open tubing clamp. Fluid will begin to flow, filling the Wbing set. When all air has been expelled from the tubing set dose tubing
clamp.

5. Attach the Homepurnp Eclipse tubing to your venous access site, as instructed by your healthcare provider.

6. Begin infusion by opening the clamp, fluid delivery will start immediately. if tubing is partially kinked, massage tubing to promote flow.

7ý When the eiastomeric membrane is no longer extended, infusion is complete. Disconnect and dispose of the Homepump Eclipse as

instructed by your healthcare provider.

CAUTION: Federal (U.S.A.) Law restricts this device to sale STERILE I RI 
A PRODUCT OF

by or on order of a physician. ZL I

U.S. Pal. Nos. 0324.911; 5.080,65Z 5,105.9a 52UA81: ancl European Representaill": I-FL,
ForeoPat.Pend. MPS Medical Product Service GmbH CE LAKE FOREST. CA 92530

110876, Rev. C Pkg. Pat 4,367,816 Assembled in Mexico Borrigasse 20 35619 Braunfels. Germany 0123 USA

Infusion delivery times for Homepump Eclipse elastomeric Infusion devices are Influenced by environmental conditions.
The information below is provided to assist the healthcare provider in understanding these factors.

1. The Homepump Eclipse snot,ld be filled a minimum of four hours prior to administration. It the Homepump Eclipse is used immediately after filling,
the flow rate may increase by up to 20% of its nominal rate. Storage conditions other than the specified usage conditions will affect delivery time.
r-3C" riOMePUMP Eclipse Is designed to be used at r m temperature (68 1-140 C),

Temperature will affect solution viscosity, resulting in increased or decreased flow rate.
If the Homepump Eclipse or its tubing is at 78oF/25*C, the flow rate will Increase

approximately 14% above its nominal rate; at 601F/1 51C. the flow rate will decrease

approximately 12% below its nominal rate.

The Homepump Eclipse should be worn outside the clothing, in the nyloncarrying
pouch designed to conveniently conceal and carry the Homepump Eclipse.

3. The flow rate may be decreased by infusion ol more viscous fluids. Use of D5W will
decrease the flow rate by approximately 8%.

NOMINAL FILL VOLUME (nd) so 100 100
FLOW RATE IN~ so 100 2W
MAXIMUM FIULVOLUMF In* M5 126 12S
RETAINED VOLUME (a* 3 3 3

TIME TO REAW ROOM TEMPERATURE

homk*m 611400M 6 6
hom Imm Inmw 1 12 12

UNITS PER CASE 49 48 49

4- When administering through a central or peripheral catheter, follow the instructions
APPROX. DELIVERY TIME FILLVOLUME(w*

provided by the catheter manufacturer. Peripherally Inserted central catheter (PICC) - Is WaL 40 00

lines smaller than 20 gauge x 56 mm will decrease flow rate. Flow may be affected bv 30 K*k 23 as 100
positional catheters and/or access. 40 nft 125

5. After priming the tubing set of the Homepump Eclipse, ensure that the distail end cap is I so 100
tightened securely to prevent fluid evaporation and occlusion of the flow control tubing. Is 

" 
as 125

6, The patient should be instructed to check for any tubing occlusion at clamp site. FOR CUSTOMER SERVICE,
After opening the clamp, it tubing is partially kinked, squeeze tubing to tacifitate flo%% CALL 1-800-448-3569

7. Use extra care when handling frozen units. (714) 206-2700
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I-FLOW CORPORATION

Labeling Specification Form Preparation Date: 8/12/97
0 DFU (Direction for Use) [R] Labels 0 Other

1301746 Revision: A Sheet: 1 of 2umber-Part N--Description- 
Label, Box HP Eclipse 50ml Vol., 50ml/hr

!iý!!, 
10, 

1
""j,

F;1'
00

A Revised per DCO 2873 V%AP I JSC

1. Interpret dimension / tolerance in accordance with ANSI Y1 4.51VI-1 982.
12. Material- M/F 1301724

3. 'Text and artwork to be centered on applicable sheet size.
4. Text and artwork color-. Black
5. Label background color: White
6. Outside perimeter of label to have corners: El radius, El sharp.

ý 'Cop
7. 0 Single sheet printed on both sides. Cftrftoý
8. FRI Single sheet printed on one side.
9. 17-1 Standard size: 4.80" x 6.20" with 0.15" Border For Artwork.
10. 191 Size: 3.75" x 8.0" 

44UST
11. Refer to attached original artwork for text details.

Notesý 1 . Items with check mark in box are applicable (refers to items 6 through 10 above).
2. QC to add the following to kit issued labels- Lot Number and Expiration Date
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PRODUCT 0ý ý EINE PRODUKT VON i UN PRODUIT DE I UN PRODUCTO DE CONTENTS / iNHALT I CONTENU / CONTENIDOý 48

MODEL E050500
I-FLOW CORPORATiON, LAKE FOREST, CA U.S.A. PART NO. 5000985

Homepump ECLIPSE
50 ml Volume, 50 ml/hr

A 1ý3ý---I STERILE I R

CAUTION: FEDERAL LAW JU.SJL) RESTRICTS THIS DEMCE TO SALE BY OR ON THE ORDER OF A PHYSICIAN. SEE DIRECTIONS FOR USE.

Manufactured by / Hersteller von European Representative / Europaische Vertretung i
Falonque par / Fabricado por Repr6sentant pour I'Europe Y Representante Europec

I -Flow Corporation CE MPS Medical Product Service GmbH
Lake Forest. CA 92630 U.S.A, 0123 Borngasse 20, 35619 Braunfels, Germany

1301746A
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LOCAL ANAESTHETIC TECHNIQUES FOR PREVENTION
OF POSTOPERATIVE PAIN

E. N. ARMITAGE

EMORY

The potential benefits of local anaesthetic
tech-niques in the postoperative period have long been

recognized. In a review of early work, Simpson
and Parkhousc (1961) pointed out that, in 1935,
Capelle irrigated abdominal wounds with local
anaesthetic injected through large, curved, hollow
needles. These were inserted at the end of the
operation and left in place in a manner similar to
deep tension sutures. 'Me m6od was apparently
effective, but was not adopted widely because of
fear of wound infection and delayed healing.
Gerwig, Thompson and Blades (1951) used the
same principle when they inserted polyethylene
tubes deep to the anterior rectus sheath for wound
irrigation, and they noted that patients so treated
required only a quarter of the usual amount of
morphine.

Gius (1940) described the use of
paraverte-bral block with procaine for the treatment of

post-operative atelectasis, and Cleland (1949) used
C4 continuous" caudal and extradural analgesia for
over 100 abdominal and ano-rectal cases. He
claimed that this resulted in normal postoperative
respiration and early, painless ambulation. Bonica
(1953) used intermittent injections through an
indwelling extradural catheter to produce

seg-mental analgesia, and found that this gave
com-plete pain relief and allowed effective ventilation

and coughing. Dawkins (1956) preferred to give
cxtradural lignocaine as an infusion. He found that
this technique was capable of providing truly
continuous analgesia, and pointed out that the use
of the word "continuous" is a misnomer when
applied to intermittent injections or top-ups of
local aaaesthetic.

These pioneer workers had demonstrated that
local anaesthetics produce excellent postoperative
analgesia, but they had also encountered the

E. N. AmITAcE, M.B., iss., F.F.A.R.cs., Brighton General
Hospital, Brighton, W. Sussex.

drawbacks. Infusion systems were open to the
criticism that the extent of block might be difficult
to control and that any sudden, unsuspected
hypotension could be dangerous to a patient in the
sitting position (Bonica, 1957). Regarding

inter-mittent top-ups, Simpson and colleagues (1961)
summarized the situation as follows: "'Me
exacting nature of the technique, the necessity for
scrupulous asepsis, and the large numbers of
injections requkedmakccontinuous"postoperative
analgesia by means of intermittent, mid-thoracic
extradural block unsuitable for routine use except
where the special facilities of an intensive therapy
unit arc available. "

These early observations provide guidelines for
the "' ideal " local anaesthetic technique for use in
the postoperative pedod. It should be effective
over the whole of the painful area, but its extent
should not be dif#cult to control. It %hould not
readily produce toxic cffccts and should not be
unduly labour-intcnsive. Side effects should be
minimal.

EXTRADURAL BLOCK

This is particularly useful because it can provide
analgesia after surgery of the thorax, abdomen,
pelvis and lower limb.

Factors affecting the catheter
Position. The catheter must be placed so that

local anacsthetic solution: injected through it
Produces analgesia at the site of operation. The
mode of spread of solution depends on the method
of administration. Injected solution emerges from
the catheter under pressure and spreads equally up
and down the extradural "Cc. The catheter tip
should therefore lie at the segment innervating the
middle of the required am of analgesia. For upper
abdominal operations, this should be between T6
and T8. An infused solution enters the extradural
space under minimal pressure and its spread is

10
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area of analgesia
T6-T12

nen

TS/ T9
lignocaine

lignocai

a area of
lge sla

TS/T6 -T12

FIG-1. Ile original illustration by Green and Dawkins (1966).
The lower diagram shows the catheter tip placed at the upper
end of the required area of block when the patient is in the 45*

sitting position and the local anaesthetic is inffised. The upper
diagram shows the same am of analgesia obtained with the
patient supine and the solution administered as a bolus.

mostly influenced by gravity. Since the patient is
likely to be sitting up when the postoperative
infusion is in progress, the catheter tip should be
at the segmental level innervating the upper end
of the surgical incision (fig. 1) (Green and
Dawkins, 1966).

Insertion. When an extradural block is used only
for the duration of surgery, it is customary to insert
a short length of catheter (2-3 cm) to the
extradural space. Looping and knotting cannot
occur and the risk of venous and dural puncture
is minimized. Although this is satisfactory during
and immediately after the operation, the catheter
tends to become extruded as the patient mobilizes
and as infusions are continued or repeated
injections given. At least 5 cm of catheter should
therefore be inserted to the extradural space if
long-term analgesia is planned.

791 J)

Duration. The pain of major surgery is at its
most severe and debilitating in the first 2 or 3 days
and extradural analgesia is of most benefit during
this time. Thereafter, the intensity of pain
diminishes and it can usually be controlled
adequately with i.m. opioids or oral preparations.
Infection is unlikely to occur when catheters are

removed after 2 days and patients have been
reported in whom they have been left in place for
between 7 and 25 days (Dawkins, 1966; Lloyd and
Rucklidge, 1969; Spoerel, Thomas and Gerula,
1970). However, skin infection was noted after 3
days at the entry site of the catheter in one
instance. Infection of the extradural space is very
rare (Baker et al., 1975), but it is serious when it
occurs (Saady, 1976) and injections and infusions
should be delivered through a system which
includes a bacterial filter. Indwelling catheters can
migrate and the tip can enter a blood vessel or
puncture the dura. The length of time for which
a catheter is left in place represents a compromise
between these possible hazards and the benefits
resulting from the analgesia. Two to three days
would seem to be the optimal time.

Choice of drug
It is important that a local anaesthetic, given by

intermittent bolus injection or by infusion, should
not produce systemic toxicity. Reynollds (1971)
found bupivacaine to have a wider safctý margin
than lignocaine or mepivacaine when given by
intermittent injection during surgery. Tucker and
Mather (1975) used a computer model to predict
the pattern of drug concentrations in the extradural
and plasma compa, a, ents, and concluded that
longer-acting agents such as etidocaine accumulate
rapidly in the extradural space, but slowly in the
plasma (fig. 2). Systemic toxicity and tachyphylaxis
were observed when lignocaine was administered
as a continuous extradural infusion (Sjogrcn and
Wright, 1972). Bromage (1975) found that, in low
concentration, bupivacaine produced less motor
block, for any given degree of sensory block, than
did etidocaine, amcthocaine and lignocaine. The
evidence suggests that bupivacaine is the agent of
choice for postoperative use.
It may be thought that the addition of

adrenaline to the local anaesthetic could be
beneficial on the grounds that the risk of systemic
toxicity would be reduced, but in fact plasma
concentrations are not significantly decreased
(Wahba, Don and Craig, 1975). Hypotension is
more marked when the local anaesthctic solution

ý'L;
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FiG.2. Predicted local and systemic accumulation of lignocainc
during multiple extmdurat injections at 1.5-h intervals (upper
graph), and of etidocaine at 3-h intervals (lower graph).
Continuous line: arterial plasma concentration. Broken line:
amount unabsorbed (percentage of the initial dose). (From

Tucker and Mather (1975).)

contains adrenaline (Kennedy, 1966) and in view
of the possibility that the prolonged infusion of

adrenaline might cause ischaemic nerve damage,
its use should be avoided.

Anticoagulation

The extradural space is vascular and since the
insertion of a catheter is a "blind" 

procedure,
occasional damage to blood vessels is inevitable.

Hacmorrha9c from such damage cannot 'be
controlled directly and although this is of little
clinical consequence in the presence of normal

clotting mechanisms, it does have implications for
patients receiving anticoagulants. Some will be

receiving oral anticoagulants for pre-existing

BRITISH JOURNAL OF ANAESTRESIA

cardiovascular disease. Others may require
hep-arinization during arterial procedures, and the

administration of low-dose heparin for prophylaxis
against deep vein thrombosis after major surgery
is now widely practised.

There has been understandable reluctance to
insert extradural catheters to patients in any of
these categories, but there is evidence that the

procedure may be safe in certain circumstances.
Rao and EI-Etr (198 1) reported 3164 patients who
received continuous extradural anaesthesia before

the administration of heparin during operation.
The activated clotting time was approximately
twice the prcoper2tive value, but the authors

found no evidence of extradural haernatoma.
Odoom and Sih (1983) reported 950 patients who
received intraoperativc heparin after insertion of

the catheter, but these patients had also received
oral anticoagulants before operation and their

clotting mechanisms were abnormal at the time of

catheter insertion (mean thrombotest- 
19%;

normal range: 70-130 %). None developed

neuro-logical complications.

Although these studies appear to demonstrate
the relative safety of hcparinization after insertion
of an extradural catheter, the authors stress the
importance of controlling the degree of

hepariniz-ation through the activated clotting time, and they
regard thrombocytopacnia, prior heparinization,
long-term aspirin therapy and a Lhrombotcst
below 10 % as conrraindications. The management

of the individual case depends on the balance
between factors contributing to the thrombosis
risk and the benefits liklcy to be conferred by the
extradural. For major abdominal operations, the
present author inserts the catheter before surgery
and does not institute low-dosc heparin therapy
until 6-8 h after operation.

Bolus Injection

Intermittent injection, or topping-up, is the
tradliTional method of prolonging analgesia into
the postoperative period. It is satisfactory if the
increments are given on a regular, timed basis with
the objective of preventing pain. It is much less

satisfactory if given on demand, since this implies
that the presence of pain is the indication for a
top-up. If the top-ups arc to be given by nursing
or medical staff, the patient nursed in an intensive

therapy unit or a high dependency area stands a
better chance of receiving prompt attention, and
the method is therefore 'inappropriate for the

majority of patients who return to a general

I,//
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surgical ward. Early attempts were made to
overcome this difficulty by the use of a mechanical
injection device which delivered a predetermined
dose of lignomine or mepivacaine at regular
intervals (Cox and Spocrel, 1964). More recently,
Scott, Schweitzer and Thom (1982) used a
specially designed roller pump to deliver 6-10-ml
doses of 0.5 % bupivacaine 2 hourly. They found
this provided good analgesia over 24 h. In the same
study, another group of patients received 0.5 %
bupivacaine 4-5 ml given every 1-2 h by nurses.
It was not possible to continue this regimen

over-night and, even over the 8 h for which data were
available, good analgesia was obtained in less than
half the patients, bemuse the nurses could not give
the injections frequently enough. Schweitzer
(personal communication) subsequently found
that when 2-ml doses of 0.5% bupivacaine were
delivered hourly through the pump, good analgesia
was obtained.

Continuous Infusion

793

the infusion of 0.1-0-1251/10 bupivacaine
16-24 ml h-1. Assuming that the catheter tip is
appropnately placed, there is rarely any difficulty
in achieving adequate spread of analgesia, motor
block is less intense and drowsiness, a systemic
side effect of bupivacaine, is less common than
with the 0.25 % solution (Griffiths, Diamond and
Cameron, 1975). The accidental administration of
excessive volume is likely to result in less severe
toxic effects if a solution of low concentration is
used. Hypotension is less common with an
infusion than with a bolus technique (Scott,
Schweitzer and Thom, 1982), and infusions have
been used safely on general surgical wards after
abdominal and thoracic surgery (Ross, Clarke and
Armitage, 1980). Unfortunately, local anaesthetics
are not yet commercially available in low

concen-tration and large volume, and suitable solutions
have therefore to be specially prepared.

Practical aspects of management
Filters. Extradural filters are designed to

prevent the passage of bacteria and are capable of
excluding particles as small as 0.22 lim. When
fluid is infused at a rate of, for example, 20 ml h-1,
particles accumulate rapidly on the filter and its
resistance increases. The resulting increase in
pressure between the filter and the pump may
cause separation of the infusion line at a junction
point. This problem can be overcome by changing
the filter every 12 h, but it is the author's practice
to insert a blood filter between the pack of local
anaesthetic solution and the administration set.
This removes the larger particles, and the bacterial
filter usually lasts for the duration of the infusion.

It was soon appreciated that it should be possible
to maintain a constant state of analgesia by

ad-ministering local anaesthetic by infusion. The
method has the advantage that syringe drivers
and variable rate infusion pumps are standard
equipment and readily available, and the

main-tenance and monitoring is not labour-intcnsivc.

Low volumelhigh concentration. Early workers
(S poerel, Thomas and Gcrula, 1970) used standard
concentrations of drug, 1 or 2 % lignocainc or
mepivacaine, at a rare of 5-12 ml h- I after thoracic
and abdominal surgery. They continued the
infusion for an average of 3 days and claimed good
results in 77 % of cases. Pflug and colleagues
(1974) achieved excellent analgesia after upper
abdominal surgery, infusing 0.5 % bupivacaine at
a rate of 3-5 ml h-1. They reduced the

concentra-tion to 0.25 % on the 3rd day, but kept the rate
constant. It would seem that further reduction of
the rate results in variable blocks. This is because
an infused solution, unlike a bolus injection, has
minimal injection pressure to propel it away from
the catheter tip, and an increase in drug

con-centration is insufficient to compensate for this
lack of physical spread. Renck and colleague*
(1976) gave 1 % bupicavacaine at a rate of
0.75 ml h-1 after thoracic surgery and failed to
achieve reliable analgesia.

High volumellow concentration. In the author's
opinion, this is the method of choice. It involves

The pump. Resistance in an infusion line is high,
since fluid has to pass not only through the filter,
but alsq.21ong the narrow 90-cm long cxtradural
catheter. The pump must therefore be powerful.
It should also be quiet and accurate and give
warning when solution is flowing faster or slower
than the selected rate. Nursing staff should have
easy access to an illustrated chart showing the
common causes of, and remedies for, pump
malfunction.

Bolus during an infusion. Although an infusion
of 0. 1 % bupivacaine 20 ml h-1 will often give
satisfactory analgesia for 2-3 days without the
need for adjustment, the block will sometimes
regress. Setting the pump at a higher rate will not
correct a regressing block unless a bolus is first
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5 
local anaesthetic, but it is quite common, even with
dilute solutions, during the course of an infusion.
This is presumably because the large, resistant

4-- 
motor fibres eventually become affected after they
have been bathed constantly for several hours. The
patient should be warned of this possibility at the
preoperativc visit and assured that recovery of
function occurs within 2 or 3 h after reduction of
the infusion rate. Similarly, surgeons should.be
aware that symptoms do not necessarily betoken.

2 1 a neurological or vascular disaster.
E

0

FiG. 3. Mean plasnu bupivacainc concentrations; ( + SID) in
nine patients kept free of pain with -extradural infusions of
0.125% bupivacainc after abdominal or thoraco-abdominal

surgery.

given to re-establish the required area of analgesia.
A "bolus " can be given without breaching the
infusion line by running the pump at 90
drops min-'. A standard administration set delivers
4.5 ml during 1 min at this rate, and volumes of
4.5-9 ml are usually required. Griffiths, Diamond
and Cameron (1975) infused 0.125% or 0.25%
bupivacaine at 15 ml h-1 after thoracic surgery and
achieved satisfactory analgesia in five of seven
patients. However, in spite of this generous rate,
a mean of five bolus doses (5-8 ml of 0.25 %
bupivacaine) was required during the 48-h period
studied.

A regressing block may not be the only reason
for a bolus being required. Gjessing and Tomlin
(1979) have suggested that the intensity of
postoperative pain is not constant, but cyclical.
They identified four peaks (occurring at 4, 10, 14
and 18 h) during an 18-h period in women
undergoing total hip replacement, and two peaks
(at 6-8 and 12-16 h) in men having the same
operation. They also suggested that patterns of
pain may be different after different types of
surgery.

Motor block. Weakness or paralysis of the lower
limb muscles is not usually produced when nerves
are subjected to intermittent bolus injections of

Additional sedation. Since postoperative
extra-dural block is performed to provide better pain

control at the operation site than conventional
opioid analgesia, it is sometimes felt that any
discomfort indicates a failure of the block and that
no opioid should be necessary. This attitude fails
to take into account the fact that there are some
sources of discomfort which the extradural is
intrinsically incapable of relieving, or which lie
outside its range. These include anxiety about the
recent operation, sleeplessness as a result of noise
and the need for frequent postoperative

observa-tions, and shoulder tip pain which is thought to
result from prieurnoperitoneurn. The

administra-tion of occasional, small doses of opioid under
these circumstances, far from devaluing the block,
greatly enhances it and gives excellent overall
results.

Plasma concentrations. The extradural infusion
of a local anaesthetic drug over a long period may
lead to potentially toxic plasma concentrations.
Ross, Clarke and Armitage (1980) followed
intraoperative boluses of 0.25 % bupivacaine with
the postoperative infusion of 0. 125 %, and

meas-ured venous plasma concentrations at 4-h
intervals for 44 h. The infusion rate was adjusted
so that patients were pain-free and side effects
were minimal, and it varied between 12 and
36 ml h-1 with an average of 20 ml h-1. This
regimen produced mean venous bupivacaine
concentrations of 3 pg ml-1 (range 1.3-4.9 pg
ml-1) after 44 h (fig. 3). Patients were assessed
clinically when the blood samples were taken and
no signs of cerebral toxicity were detected,
although one patient became euphoric. Reynolds
(1971) has stated that even mild toxic symptoms
are unlikely to appear at plasma concentrations less
than 1.6 pg ml-1. Unfortunately, this figure has
sometimes subsequently been taken to represent
"the toxic level " for bupivacaine and this is

113
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clearly an incorrect interpretation of the original
statement.

The appearance of toxic symptoms depends on
factors other than the plasma concentration. Scott
(1975) administered i.v. bupivacaine at different
rates to conscious volunteers and found that
symptoms appeared at low plasma concentrations
when the infusion rate was high. The rate of
increase in concentration tends to be very slow
when dilute bupivacaine is given by extradural
infusion (fig. 3) and this may explain why no toxic
effects were observed in Ross's patients. A further
explanation may lie in the fact that a-globulin, the
protein to which bupivamine binds, increases after
surgery and may match the increase in plasma
bupivacaine concentration. The unbound fraction
of the drug may remain virtually constant under
these circumstances.

Although venous plasma concentrations are
often measured, it is the arterial concent-ration
which is more closely related to the ckevelopment
of toxic symptoms. Griffiths, Diamond and
C-ameron (1975) followed intraoperativc injections
of 0. 5 % bupivacaine (with adrenaline) 6-8 ml
with a postoperative infusion of 0. 125 %

bupiva-mine at a mean rate of 13 ml h-1 and they
supplemented this, as required, with boluses of
0.25% bupivacaine 5-8 nil. They took arterial
samples and found a mean value of 2 jig ml-1
(range 0.93-3.76 gg ml-1).

Effects on the cardiovascular system
Some degree of hypotension almost invariably

accompanies extradural block and it is fear of its
consequences and, perhaps, uncertainty about its
significance which deters many from prolonging
the block after operation.

The normalpatient. The sympathetic denervation
caused by extradural block results in peripheral
arterial and venous dilatation. The latter gives rise
to decreased venous return and, if the affected
veins are below the level of the right atrium,
cardiac output may be reduced. Mean arterial
pressure decreases in proportion to the decrease in
cardiac output and peripheral vascular resistance.
As a consequence-, coronary blood flow is reduced,
but fortunately this is accompanied by a similar
reduction in the myocardial oxygen requirement.

Sympathetic block below T4 results in dilatation
of the splanchnic, pelvic and lower limb vessels,
and various mechanisms come into play to
compensate for this. Vasoconstriction above the

795 t

level of the block occurs, mediated by unblocked
sympathetic vasoconstrictor fibres (TI-4), and
release of catecholamines; may be mediated by any
unblocked fibres to the adrenal medulla. Unblocked
cardiac sympathetic fibres mediate an increase in
myocardial contractility andheart rate. Inaddition,
vascular tone below the level of the block may
return because of autoregulation of flow by
precapillary sphincters (Granger and Guyton,
1969) and it has been suggested that low plasma
concentrations of local anaesthetic drug cause
cardiovascular stimulation (Bonica, Berges; and
Morikawa, 1970).

Sympathetic block above T4 reduces or abolishes
compensatory vasoconstriction in the head, neck
and upper limb as well as the ability of the cardiac
sympathetic fibres to stimulate the heart. It is
therefore surprising that the cardiovascular
changes noted with upper thoracic blocks have
been relatively modest. McLean and colleagues
(1967) found a 15-20% reduction in cardiac
output and an increase in central venous pressure
(CV'P). Bonica and colleagues (1971, 1972) also
demonstrated an increase in CVP and found that
mean arterial pressure and peripheral resistance
decreased by about 20 %, but they observed no
change in cardiac output or heart rate.

Relation of sympathetic to sensory block. There is
disagreement as to whether or not a sythpathetic
block extends higher or lower than a somatic
block. Bonica, Berges and Morikawa (1970) were
unable to demonstrate any sympathetic block in
two of tight patients, even though all had skin
hypoalgesia. On the other hand, Homer's

syn-drome is occasionally seen following an extradural
where the analgesia is confined to the lower
thoracic segments. Wugmeister and Hehre (1967)
concluded that sympathetic and somatic block
extendl!d to the same level bemuse loss of pin prick
and cold sensation affected the same area. The
above evidence suggests that there is wide
variation between patients. The practical

conse-quence is that the incidence and severity of
hypotcnsion are also likely to vary.

Patients in pain. The effect of extradural block
on the cardiovascular system of the postoperative
patient was studied by Siogren and Wright (1972).
They maintained analgesia with 0.4% lignominc
infused overnight at a rate of 30-45 ml h-1 and
took cardiovascular measurements before

discon-tinuing the infusion. The measurements were
repeated when the block had worn off and the
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patients were in pain, and again when the infusion
had been rc-commenced and the patients were
pain free. The measurements taken when patients
were in pain showed an increase in cardiac output,
heart rate and mean arterial pressure and a
decrease in stroke volume and skin blood
flow---changes which indicated a strong

sympath-ctic stimulation of the circulation.
Re-establish-ment of analgesia was followed by a return to the

values obtained before pain had been allowed to
occur. Holmdahl and colleagues (1972) gave
continuous extradural analgesia after

cholecystec-tomy and found that hypotension was less of a
problem when the catheter was placed in the
thoracic rather than the lumbar region.

Effects on the respiratory system
Patients who have undergone major thoracic

and abdominal surgery are prone to respiratory
infection because pain prevents them from
breathing deeply and coughing effectively. The
abolition of pain by continudus extradural block
might be expected to improve pulmonary function,
and various aspects of the subject have been
investigated.

The normal patient. Extradaral block has very
little effect on respiratory parameters in the normal
patient. A block to the level of T4 had no
significant effect on functional residual capacity
(FRQ, expiratory reserve volume (ERV) or
inspiratory capacity. However, a block extending
higher than T4 caused a decrease in ERV of
12-36 0/,, (Freund et al., 1967; Sjogren and Wright,
1972 -, Takasaki and Takahashi, 1980). Arterial
blood-gas tensions showed little change (Ward
et al., 1965). Extradural block should theoretically
allow unopposed vagal tone to cause

bronchocon-striction, but no such change was found, even in
the presence of high blocks, in three separate
studies (Sjogren and Wright, 1972; Wahba et al.,
1972; Takasaki and Takahashi, 1980) and Bromage
(1978) quoted patients in whom cxtradural block
has actually proved therapeutic in status

asth-maticus.
The ability to cough effectively requires

co-ordinated, powerful contraction of the 
dia-'

phragm and muscles of the abdominal wall. Motor
block to the latter occurs during upper thoracic
spinal anaesthesia (Egbert, Tamersoy and Deas,
1961), but extradural block has minimal effect,
perhaps because motor block cannot be shown to
extend as high as sensory block (Freund ct al.,
1967).
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Patients in pain. The cffects of extradural block
are not as dramatic as might be expected. There
is sometimes improvement in lung volume
measurements such as FRC and vital capacity
(VC), butresults are inconsistent and improvement
is limited to reduction of deterioration rather thin
restoration of preopcrative values (Simpsori ct al.,
1961; Wahba, Don and Craig, 1975). However,
the greatest benefit is seen in patients with chronic
obstructive airways disease after upper abdominal
surgery. Extradural block improved the VC from
37% of the preoperative value to 90% in these
patients (Simpson et al., 1961). The effect on
arterial blood-gas tensions is even less impressive.
Patients arc relatively hypoxacmic on the ist day
after upper abdominal surgery, whether they have
received cxtradural analgesia or not (Muncyuki
CE al., t968; Spence, Smith and Harris, 1968;
Sjogren and Wright, 1972; Pflug ct al., 1974;
Spence and Logan, 1975), and when pain is
relieved by extradural block, no improvement in
Pao, is seen (Muncyuki ct al., 1968; Drummond
and Littlewood, 1977).

There is, however, a marked improvement in
the ability to cough. Sjogren and Wright (1972)
studied patients receiving thoracic and lumbar
cxtradural analgesia after gall bladder surgery and
found that the peak expiratory flow rate increased
by 64 % and 90 %, although these improved values
were still only approximately one-half those
obtained before operation.

It is not easy to find clear-cut evidence that
cxtradural block causes significant improvement
in respiratory function or reduces the incidence of
postoperative chest infection in normal patients.
However, since extradural analgesia improves the
ability to cough, and increases VC to a greater
extent in patients with chronic obstructive airways
disease,. it probably conveys most benefit to this
group of patients, who most need it.

Other effects
Lower limb bloodflow. Extradural block increases

blood flow to the lower limb (Bonica, Berges and
Morikawa, 1970), the skin receiving most of the
increase (Cousins and Wright, 1971). Therefore
flow must increase through the long and short
saphenous veins, which drain the skin, and also
through the femoral and iliac veins. Since thrombi
in the latter vessels arc most likely to result in
pulmonary embolism (PE) (Modig ct al., 1983),
extradural block may be expected to play an

//,-r
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important part in the prevention of deep vein
duombosis (DVT) and PE.

Total hip replacement carries a high incidence
of DVT, and PE is the commonest cause of

im-mediate postoperative death after this procedure.
Modig and colleagues (1983) studied patients in
two groups, one of which received extradural
anaesthesia for the operation and extradural
analgesia after operation, and the other in which
general anaesthesia was followed by postoperative
opioid analgesia. The incidence of DVT was
reduced significantly in the extradural patients.
Lung scans were used to detect PE, which was
found in 33% of the general anaesthesia/opioid
group, but in only 10% of the extractural group.

Gastric emptying and intestinal motility. Opioids
delay gastric emptying and reduce intestinal
motility (Nii=o et al., 1978). Extradural block,
by eliminating or greatly reducing ýhe need for
opioids, avoids these problems, but it also has
a direct effect on the bowel, mediated by the

sym-pathetic system. Increased sympathetic activity
dihibit-, bowel contractility and predisposes to
disumston. This in turn increases tension, and
hence the likelihood of rupture, at sites of
anastomosis. Extradural block, by reducing

sym-pathetic activity, reverses these trends; paralytic
ileus is minimized and the nasogaSEric tube, which
contributes to inefficient coughing and

expectora-tion, can be removed early. Peristalsis is sometimes
very active and diarrhoea occasionally persists into
the postoperative period. The author has in one
instance had to discontinue an infusion for this
reason. However, the -werall benefits are

con-siderable (Aitkenhead, 1)84).

797 
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marked contrast to those running a normal
postoperative course with extradural analgesia.

It is possible to check the itifusion rate and the
integrity of the line without disturbing the patient,
and this should be done hourly. The adequacy of
the block should be assessed every 4 h during the
day. The patient should not only be free from pain
3E rest, but should be able to lift his head off the
pillow from the 45* 

sitting position, take a deep
breath, and cough, without pain. If any of these
tests cause discomfort, a bolus should be given and
the tests repeated after 15 min. The patient should
be able to move both lower limbs. If a patient has
a stable and easily controlled block, it is

un-necessary to disturb him for assessments during
the night. However, an early assessment is
essential the following morning so that any
adjustments can be effective before the a-rrival of
the physiotherapist.

OTHER BLOCKS

It is not always necessary or desirable for a block
to extend over a wide area, involve the sympathetic
system or act bilaterally. Many blocks are capable
of providing excellent analgesia, with minimal
systemic effect, over a limited field, but although
they have been used satisfactorily as single-shot
techniques, they have not gained widespread
acceptance for prolonged postoperative analgesia
because it has been assumed that they must be
repeated every few hours. This assumption is not
necessarily correct, because it has been found that
a catheter can be inserted through the fascial
sheaths which surround neurovascular

compart-ments. The sheaths extend peripherally and invest
individual nerves, and Winnie, Ramamurthy and
DurrarAj, (1973) have shown that local anaesthetic
solution injected through the sheath of, for
example, the femoral nerve can be made to track
cent.rally in the neurovascular compartment so
that it affects the obturator nerve and lateral
cutaneous nerve of the thigh in addition.

Monitoring
It is important, whether the patient is nursed in
an intensive therapy unit, a high-dependency area
or a general ward, that the nursing and medical
staff are familiar with the behaviour and

manage-ment of patients receiving extradural analgesia,
and the ways in which they differ from those

re-ceiving opioids. Systolic arterial pressure remains
low for the first 12-24 h, but usually increases
without specific therapy on the lst day aftek
operation. Ephedrine is occasionally required.
Fears that the relative hypotension and complete
analgesia may mask abdominal signs, causing
delay in diagnosis of surgical complications, are
groundless. Patients suffering from haemorrhage
or an anastomotic leak took and feel unwell, in

Paravertebral
Eason and Wyatt (1979) used continuous

para-vertebral block for analgesia after thoracotomy.
They located the paravertebral space by loss of
resistance to injection of air, and passed an
end-hole extradural catheter into the space
through a Tuohy needle. They found that at least
four segments were affected by a single, 15-ml
injection of 0. 375 0,, bupivacainý. The advantages

t
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claimed for the technique are that it can be
performed comparatively easily in patients with
kyphoscoliosis and other distortions of the bony
spine, and hypotension is minimal since

sympath-etic block is unilateral.

Intercostal

Murphy (1983) inserted an extradural catheter
through a Tuohy needle to an intercostal space in
25 patients who had undergone cholecystectomy
through a Kocher incision. Only two patients
required any supplementary opioid on the 1st day
after operation, but on the 2nd this figure had
increased to six. Peak flow measurements were
made on the 2nd day before and after an injection
of bupivacainc. A mean improvement of 37 % was
recorded 30-40 min after the top-up.

Inguinal paravascular (three-in-one)
Rosenblatt (1980) used this technique for

postoperative analgesia after-knee surgery in a
13-yr-old patient suffering from cystic fibrosis. An
18-gauge, 5-cm Teflon catheter was threaded over
a 22-gauge, 8.75-cm spinal needle. V%en the
needle had entered the fascial sheath surrounding
the femoral nerve, local anaesthetic was injected to
distend the sheath and facilitate passage of the
catheter. On the I st day after operation, 0.75 ý-,o
bupivacaine 15 ml was injected every 6 h. On the
2nd day, 0.50% bupivacainc was infused at
4 ml h-' and continued for 24 h.

Sciatic

Smith, Fischer and Scott (1984) described a
technique for continuous sciatic nerve block which
they used first to relieve the pain of an ischaernic
foot and later, with an inguinal paravascular block,
for postoperative analgesia following below-knee
amputation. They located the sciatic nerve with a
16-gauge Medicut cannula connected to a nerve
stimulator. After the injection of 2% lignocaine
8 ml to open up the neurovascular space, a
16-gauge extradural catheter was passed easily
into it. Bupivacaine 0.5 011o was infused at a rate of
6 ml h-1 through both the femoral and sciatic
catheters for 48 h, and the patient was completely
free of pain.

Axillary
Although the brachial plexus can be blocked at

various points along its course, the axillary
approach is the most suitable for insertion of a
cannula. A 20- or 22-gauge i.v. cannula is

BRITISH JOURNAL OF ANAESTHESIA

recommended and it is less likely to be dislodged
during an injection if an extension set is interposed
between it and the syringe or pump (Hughes and
Desgrand, 1986). Rosenblatt, Pepitone-Rockwell
and McKillop (1979) performed an axillary block
for the repair of injured tendons in the hand of a
15-yr-old boy. They infused 0.25% bupivacaine
at a rate of 10 ml h-1 for 2 days and the patient
required no narcotic agents. Rosenblatt

recom-mends that cannulae should be sutured in position
if they are to be used for postoperative analgesia.
The application of an occlusive, transparent,
adhesive drape probably immobilizes the cannula
just as well and has the advantage that the
puncture site and surrounding skin can be
inspected easily for signs of infection.

CONCLUSION

" 
Slapping the patient on the face and telling him

or her that 'it's all over' is a complete inversion of
the truth. As far as the patient is concerned, it is
just the beginning" (Berry, 1979).
There is irrefutable evidence that patients suffer

considerable pain after operation (Donald, 1976;
Foott, 1978). Suitable drugs, equipment and
techniques are available.The problem is essentially
the practical one of how to provide analgesia
safely, simply and continuously for 2-3 days. The
solution depends as much on organization and
attitudes as on techniques. One reason for the
inadequacy of conventional opioid analgesia is that
it is prescribed by members of one profession and
administered by members of another. The result
is that neither doctors nor nurses take full
responsibility for it. Analgesia should be the
responsibility of a small number of designated
individuals and its effectiveness should be their
main concern. A second, related, requirement is
that the experience and availability of staff must be
taken into account when the method of local
anaesthesia is being selected, so that it can be easily
and safely managed. This factor may determine
whether analgesia is best administered by

inter-mittent injections or by infusion. Last, there is
little prospect of patients enjoying complete,
continuous analgesia as long as their attendant staff
think and talk in terms of pain relief. Analgesia
should be given with the intention of preventing
pain rather than relieving it.
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Continuous infusion techniques for postoperative pain relief
John H. McClure

Department of AnaestheLics, Royal Infirmary, Edinburgh, Scotland, UK

Recently, there has been a major Increase in the use of regional anaosthesia
as part of a balanced anaesthetic tedwilque. The subsNuont utilization
of cwdkvxKn conduction blockAde Is now frequently used to pnývide
ana*sla In the postoperatkv palocL The treatrnent of pain after surgery
is central to postoperative care. but vigilance is required to ensure safety.
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Introduction

111c safe prtnistion of continuous neural blocicadc as pan
of a POWNrathe analIvnic nOrnen dclm-& on sound
PdndrAes of patient nian7parnent. CAUxtinuous infusion
teclinkpm surqAying local an*zdwtic, ol*)Id, or other
additives to M-ripheral n,-wm or the Lentral neuraxis,
demand a h4th kwl of stilwMik)n to avoW padem
nKHWity or nuxudity. '11%? treatment or prL-%vntk)n nf
palm In Itsa is a humanitarian gamire but the question
of vAy-dwr pain Is harnifid vxrwlm unairmumd. Sonic
hgm- afpx!d that the aN)Ikk)n of dw '.,;urgk-W vress

rc-qmsc'reduc%--ssuq;lcW nv)rl*JiLy 111.but
am:%%t-dq*-substituting one risk for another?

Site of the catheter

11w etw9inwAm In(uWn 4 a locul atim--stlictle or
rnbc-lure of drup rNufams dw placutm-nt or a cOw-ter at a

Ate at %fileli the drugs can lmv an effunt. Imal
anaoi-tlvtk% mtect be duivisited wcuratch- at the pmrxv;W %Ite

4 Klion but c O)kk tit wirenerptic dmh,% can diffuse to
exert an OreLt in dw srAnal cord or brain. 11w

(olknv-Itig skes of catirwr pLK-unumt Iraw ly.,en usetl in m-colt
Ivars: epitlurd. subarAidinnid. rr4ra%-cntq)r%I, intcrctrctal.
Interilleural. bradilul plvm-ý aiwJ Unwr lind) 4(vmoral."
X'Utic. limm.; faxilvarinx-11t).

dx&%-ymvwi%, In suqOcW practice. fts analgemc
tMi-nique apix-jr- to be looldng for a new %urgical indicvttk)m

Site of the e?ldural catheter

*Them- am currently a nundwr ci puhkdwd studies ctw.

r4ft local an3esthetics. q**L% mW clonklik- in varit;w;
concenmiot%% =4 In a %2dety of mixturm, Ikmw fxv
pen reach ctxxiuslons whick thoulth wlid fiv the- strict
conditions of a conualledl UK must not be

Inappru-peha* wralw9ated to dink-ol practice. A m%wt mudy1,4, Radner and Kom (3) is such an example. Patients
%wrv studied undeqpft ckvd%v "vialnal or thoradc
surm znJ the epidural cathaters vWre rAtW at TI 1 12
or below. One cnuk! arRw that it ts-not surprLsing d' W-t
local ww%thetic WmIntswured a( this lcwi b$- Aw

infu-slon had no cilect. w% it not adminbsterud ckxw to dic
nerves %vlJch Axiukl hmv been bk)ckcd lxrAoiwathviy.
It nvy be that the siting of an Wdural cathewr 1:4 rstx sm
crucW when ctwulutring upk*J- or cloridin",ontaining
mix:tures, but the nion: fat-rAguble ugent, nun- require

ad-ministration close to thc spin-A cord Imuff to emsure an
ciffect and to *%YAd.vqtx-,tr,4tk)n in the fat in the lumixtr
epidural sIxtce.

Drugs

11w.%c tMinkI%u--% of cotWimkin bloci-Kic., h:nv recently
been mimW bv McClure and Viltbuisidi 12). The %*wq
n4wity od papers In dw r4.-.-,-nt mmew lvrkxl haw been
m%&,K-d to k- tedinklm (if ctmtlmxw ei"nd

InIu-skut suvl this re%kw dy.-m-focc refk-c-L,; 111L%. Vw poncity
(A rca=ii ink) the, odwr tectini(IMS 115 ICAULVAV of
their lack of pAwUrity in dWcal prac&v. 11w *L.&nkjtw
of continuous kucq*wvl bko 

. 
ck was brk* fashionable.

but at% lamrascolk chAvystectorny h2i replaced om

klany druiv haw been wwd by continuttus clAdund
In-fwAun. singly or In 

conihinatim' 
%. for Iumoix-radw anal.

guga. At prvKrnt. practical wul tirm, dw anahte.%Lt is a)m
-niontr ad*nvd uith a CXMIbImIcen of dm.; In tul

at-tCqX to MIUM 1IW 51(le CWI.TM Mist M-01t OAudk!s I ut%v
endcawpiwd ut ochle-w ft- qxinud 

*rm:llw* of infuskin
ng=re *11ker a %wieq of surgical poxmiumm 1:111mity lm%
usually bow assessed by comparift 'rWn scoree at rest,
on coughirl or during nitkithattitm. aW rewrding the

Abbreviations
CELA-aiminuous epidurAl infusion analMia. PCEA-pxkm-controled epkkxal analpsia.
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820 Regional anAtitlicsiA

incidence of Nkle (4c.-cls. Occasion-ally, 
scllsorý- and nio

tor blockade are nicýisurcd. it Is kenvraliy impo.vilile to
direc(ý, compare * on<2 NtmK, with anodicr k),Mng to
lions In study design,

Local anaesthetic and oploid

f-Yalll of a4 14-1 ha%x! compirml pmictw; undergoing
ni.1-jor -.6dominal sAirgery Aith thoncic epidurals plactd

herwK.munt T9 and TIZ, One groull, roccivi-KI epidural mor.

phine alone at 0.2 nVi and tile other recei%vd tile sanic
dose- of morphiine plus huplvacaine at 10 nig/h. In addi

tion, both grouris remived non-steroid-al

anti-inflainnia-tory drugs. The group YAiich re-cei%,ed hupivacaint: and
morphine had loyAr pain store.-; on coughing and nicibi.

lization, but no di(Tercnce mns lier%vecn the groups
-it rest. 111C aLl1h0TS enililmsl7ed thit p;tin requires

ýmsývss-ment cluring coughlog and mobilization.

CoprK: and VAlliert. (5) aLso studied patictits undergoing
major abdominal surgery, this finic with thoracic epidu.

rals pL-Lm-J at T7--& The -w(hors usccl higher doses,

giv-Ing bupivatrainic 20 mpfli to (ý-;ich group. I n addition, onc
group r=lwxI stifentanil 5 pg/h aritl dw other group rc,

ceivw--d morphine 0.5 nig/h. 17he stifentanil group hid ;I

loading dose of 8 till 061Y. buliMac-Alne and 50 pg
Men-canil, Aiicrex the niorphinc group had -a loading (lose

of 6 M110.5% )upftcalne alone. Both rqirnens prmided
exr-tilent analgesia, licit tile incidence of respirawry

dc-pre.mlon was much higher in the scifentantil gruup (33%)
dian in the niorphi(tc group (4%). Respiratory dcpr(:,,,
slon was early and x-is defincxJ;ts requirmg xvritilation for
a pedocl of greater than 30 mill i)os(opcratively, dc-ýpiik!
Lornpliete reversal of muscle r0axation. Anerial h%-poicn.
sionwAs 31M.Ux:tl In both gmtilis aftcr tile loading dow.
lbe authots recommend a lo%ver close of stifentanil and
bupiracal".

A well designed studY of paticnLs undcrgoing abdonlinal
ý101"LiC SUrgery ý%-as carried out hy Gcorge el at 16-1 io
cleterinine kAiich (N-jV Of 010MCic epidural infusion pr(r--'

ALIC'd 111V blýl postorx!nttwe pain rL-Ik-f. 'llie :tuiltors
Compared 0.2"e, NyMm,aitic -akme, felltan%i 10fig II)l
Moine, or a mixturc- of thk- two. Ench cinig ý%-.ls Rhell
by a 5 till liolus it) the intCll%iw ullit
and then hifuscA at a rate of 5 nit It. Further anolfzcsia.
if required, vrLi provkk-d hy tiloi-phine given I)%- firatient.
controlled apparitu.s. 11iin relief, lAllmonan- function.
carditivascular stability bind side effiects were assesed.
Pain relief xvt% excellent 'ill tile 

'mixture' 
gK)UP;

Sigilili-c-Ant0- better th-an the other ii-,x) gfucips. Ilic inckience
Of Side CtfCM WWs IUW. Mtritus occurred cxclusiwly
It) the fentanyi groups and lower linih wizakness in the
bupincitinc groups.

Side effects durInR continuous cpiclural infit,-;iorls are not
unconinioli. Motor blcw.k is uncicsirible in thc postop
crative period :zs it ii).iy precitsposc to pressure sofeý, or

-.- - L

deep %vilous tllronll)osi:ý ii tll,,A
cXperien(v -.ill- p;iml-is 0`111v lower litill-

Ille Sirle ClleCt., Of COM111LIOUS CI-101.11'.0 IllorilhiliC IMVC

ixýco conilnired Nith those of feni.in%l it) -.i recew study
bv V111te ce al. i)xlents ici:61,lect el'100.

rils for towl fill) or kniv r1q)[aceinent ;IIILI %VTV 1.13kJoilily
illoatted (o receikv a lx)ILLi dow of mot-phitic (mom

3.9nig) or fentan)i One;ui K51igl INV -.In itlifiti.

sion of morphine (nit.-m 427p.q 10 or (entan%-I Wicran

56Wi). Respiratory efrects were x%sef,;ecl by ancrial
blood g-.Lz% and respiratory ratc. Naus(-,t, soilliliot"llo:

P %( -and prurimi were as%esscd I-A- %isual arLdo tic . -ore..
Pain relief -mas good -and similar in Ixgli grOcips.
ill tile nx)rphine group, partial priLzure Of C0, ill

ar-terial Wood %Nws cknwed -and niuscra occorred over a

perlocl of more than I-2h. Ill (lie fentati%1 group therc

\-.is no chajige in pnr(lal prv-,iurc of C.0, it) artcri.il
blood and nacm-ca %%-.ts crinfincyl to die first. few hours.
Somnolence i%-As common in hoth groups. Vniritus \-.t%

ia tile mrphlric group andsegmenital ill

na-tUrC in thi fentanyl group. All paUents ivere c;iihetcrized
and dierz-forti: urin3ry rvtentfon %vj--; not asscs.wd. 11ils

particular side effect is often cited Ls a mijor

di-,id%-,ii)-tage of lxxh epidural 1=1 anaesthetic wvJ opioid admin.

Istiration liecause (if dw Nrc0iyd risk of bncwrx-niia.i;s;i

re-sult of urim-tirv cathetcriy;ttion Ixfore or -.iftcr prosilictic
ortho,medic %Urge[),.

Clonidine

1lie irisk of rcspiramry deprtNsiusl st.concLir W elliklu.

riii opioi(jj Ij.-Lj lecl %-iriolts vmricrs to if,,
use of Wwrliativil: inilgosics. Cimbim: ci of 181 ll;lxv

cxaniIn,:d the effectivencs-s of epidunt) clonidint: inflis.

on.,, for postoperadve analW:sia and the vflol of

ciolll-(line on cpIclunt moq)hIne after total hip wpixenivill.

Patients werv- randoni[v allocated to receive one (if cwo

doses of epidurA cloillidine, 25 jig It or 50 Vg h:
lo-dosc-morphine 0.1 mg/h: or -a combinafion of morphine ;uxl

clonidine. Tbc patiows iko rixei-a-d -a lo,ioing do'se (if
doillcliole 150tig or morphino: I nig, Or a oanbin-mon
of (lie two, Pain s<%)rcs in div mOrpI,iw,: gt,puji v%cik,

grvulter ih:m ill flic clooldinc gitoty ond
dic (701"bilittloil groull ill flu: firsit hour -if(vr sur9c,",
pre.sulliabiv rek-eting the slim. onset 

of' 
this I-v dolse

of nion)l1iiie. 'lliv rc-i4ttirements for -ý-%tiumic acialgeSi:1

were lower in (tic comlifnailloill an(I las-go- kiosc cloni.

dine group. Anvri;il PrL-,vklrV ik'J% N-JUkyQ-d ill tile
0001-clitle gruktpq although tile illci(lence (if Chilit'.11
IlPo-tension jom-. 1bere ý&Trc llo signific-'Im dillýToAccs

bemeen tile groups ill emetic smiptonis overall)

or urinary retention (12% cmrall),

Mogensen (,i cit (9) also f(yttA that ximintswring
upidu-ral clonidine 75 pg bolus, then M-75 pg/li, ýiddcd ii.) (Ow.

dow epidural bupii.,ac-alne and morphine, g,%%-c eiihanced
annlge5ia during coupthir)R itid mohilizaiii-in Cloolditic is

t)
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Continuous infusion techniques for ostoperative pain relle(xiccka., 621

.1 Comp[CX Orug %%ith Anals-v-*- j)M1jV11k!-, thouglu (o (W
duc to an effect at a a(Irenoreceptors in thespinal coni.

Patient-controlled epidural analgesia

A studyb)-OvLn c-left [,Olin patients Mio had U(Kkr.
gone clecti%t, vktxk)tllln;d kirhouty has ShMvn that

p0tiCtIt-controlled q*Jural anaLResla (PCEA) ghluns as good
anal-gesia, widi reduced (ký. when clialparod with
con-tinucui q*lutal lnfu*.vk wv-JM. la (C.FIA) with fentanji.

PCFA 1mtarrtL- 25VA boluis. 15agn lock-out vkvs
ctini-pamd vAth CMA fcnawA 50pp/h. 'nw patients in the

PCEA group also 4XAved lefis 0XyhWMV*Wn d=M-.14 radon sts, wessod by cwtinvAlus livise, oxitrietry. Ndan
ci til, I 11) In a similar xtticly, using a mixture of 0.125%
bup6wainc and I jil/ml funUnyt after post-traumvitic
ficivic rmv=rdc*in, found no difference In pain Micf
or clasage requivem-ots lictween a PCU grwp trid a
CEIA grml). 17he PCEA gmur). hom-,vr, aLio r"-*%xd a
small background Infusion of the mixture.

Complications

analgeso grotip 1-gid a hijili incick-tice of vnvc-tic "Itte.
lac (90%) in die.ft-wilce (kf parenivralantienictic dicrap%
but nevenixiess %%vm very satLsficd mith their analglu-sil.14
71w.w rvorkers rm&* the wri, peninvot IvInt of flic high
hvel of nursing care requim-d for patlents widi qiiidural
infusiritis. x3dicr than offer die tcelinique to all In nortiml
clinical practice, they M)W restrict It to sriecific int-dical

In-dic2tions and complex sttrWny.

Concluilon
lbew is no doubt dist cxcek-nt postoIxtratin- anglgeW2
con be obtained by continuous q-Adumi infusion of anal.
Sesic dn*s. Ilic optinial'trocipcI for all susgicalsituatio(jr.
cunvendy eludes w, 7he I)cnefit Ist, lmvvur. 1xxtght at a
price In terms of patimt safety. Iliese teclinklues demand
wm vigilance, resource aW caninlitnient. We am now
bq0nnIng to see good comparLsons of difTerent analgt:sic
stramVes. it is hoped diat the iophisticzed analgesic
techniques -%Wl be reserved for tl-Kise In most need of
theni, in a s-nfe postr4nnitive emironment.

RMiratory depre-Aort L% iw)%v 3 well recognbmd and
feared coniplicatim of epidural nI-Aoic6-.Mc dskist4ther
attributed to sysit.-nilt: absorption or to rostral spread of
opiold In the cerebrus;pinal fluld. KL-4)iratory tiefiression
h.-v liven most commonly reported after holus

sub2fach-nold or bolus epidurat administration (if a water-wiluble
drug, such as morphine, %0ildi remaii-v vArliin the

cvrv-brospirul Mild ant.] then spread% rostralh,.

Epidural cathm-cs- hatit, been known to migraw to the
subarachnoid spav possibly because the proqumed

epl-daral placement %%-.L4 in fact subduH and the catheter
grw,kully ctrides the urachnoid rnattee. 1lic risk of an
qklur.d infusion Lx-coming iubarachnold is ever present
and some'n-arker's1wmid be introduced toallow such 21)
event to be detected. If opiold alone k used and Li admin

-kmt-d accIdo-italty into dic %ktK-%rAch%v)Id slvcv, the Mly
livAition N%ill Ix- gridual or su, Iden respiratofy &-Prv.,.
sion. A recent cipen stud- hyMorton (Y at (121
the cffivt of of 0.125%

bulsi-vac-Airw at 15 ini It. The study -&-AvW thtt a de%ekiping
lower Unih motor bloLk, or wtivsotv block of (tic &icral
roots. is a rt-qiahlesign of sitharachnold infusion. It Is, t
coninvon mb4-istimptkin that a ri%hig upper %ei-miry kvvt
MR be apliarent, but thk %%,* not a rciiablesign. Týe use
of local anamdvAlc as'a niarkrer* 

to iodicate inad%vrtent
suboractintild Irifusion ni;tyinemme thextfet),o(q-Adural
of*Ad atiallituration.

Madel eiral (13- 1 ctini1xvcd tqpoxacmia and pain refief
-After knver abdominal surgery in pvtUcriti gi" either
in ePIdurW Inthislori of btifilractitic =1 diamorphine
or patlent-contro(Iod intravenotis ilianititphine 2nalgesia.
I'lie authors Rxind die lowest pain scom-s in the epidural
Infusion grtxtp hUt thev-- ivaticrits vm-re mock-ratch- liýT*i-
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Wound infiltradon with local anaesthetics for
postoperative pain relief
J. B. DAHL, S. Mot:=HE and H. KEHLET

fXpar"nenu or AiucsdieskAM and Surgical Gastroenterotogy, Hvidovrc University. Haqka4 Capcnhagcn, Denmark

In recent years there has been increasing interest in
peripheral mechanisms of nociccption and the afferent
ncn,c terminal and its surroundings as a possible target
for analgesics and modification of the response to

surgi-cal injury (1-3). Systemic administration of
non-stcr-oidal andinflammatory drugs (NSAID), due to

modu-lation of the arachidonic acid cascade, have been
dem-onstrarcd to be of value as adjuncts to other analgesics

after surgery (1). Administration or local anaesthctics
! L-A,) into the surgical wound may modulate pain at
the peripheral ievel and has been %ýidcly used in minor
surgical procedures (4-10) a.ý well as attracting

re-icwcd interest in major surgcry. However, despite the
widespread use, its scientific documentation from

con-trolled studies has been relatively sparse and not
hith-crio rmiewed.

This review describes the cflects of LA administered
-it the wound site on nociccption and the inflammatory
response. Furthermore, the eflects of LA on pain and
morbidity after abdominal and gynaccological surgery
in adult patients are reviewed, based upon controlled
clinical studies. It was not intended toincludcpacdiatric
procedures, since postoperative paediatric pain

rcpre-ients separate problcms; of acute pain management.

NOCICEPTION, INFLA.MMATIONT AND
LOCAL ANAESTHETICS,

Pain due to tissue injury ii initiated by activation of
peripheral C- and A8-affercnt ncrve terminals.

Anti-dromic impulses in axons promote the release or
sub-stance P (sP) from nerve endings, and in combination

with other algogenic substances (e.g. prostaglandias,
leukotricnes, bradykinin, scrotonin and histamine), sP
promotes inflammation and sensitization of

nociccp-tors, resulting in hy ralgcsia (2, 11, 12). 'Me a6rcnt. PC
nociccptivc barrage may induce hy. pcrexcitability of
central ncurones (13) and elicit spinal cord reflexes

that increase the activity of postganglionic sympathetic
effercrits; which in tu*m may ampliry inflammation
(11). Thus, both the somatic and sympathetic nervous
systems may play major roles, not only in afferent
nociccptive transmission but also as mediators of

in-flammation and hypcMgcsia (11) - Furthermore, the
wound may play an important role in releasing various
factors mediating or amplifying the systemic response
to surgery althdugh the exact nature and relative role
of dunc C;DMPOýCits are stM unknown (14, 15).

Infiltration with LA inhibits the transmission of
ncr-vous signals from damaged tissue by blocking voltage

dependent sodium channels within the ncrvd and

dis-placing calciumions from phospholipids of thi nervous
membrane. Furdiermore, LA may reduce ncurogenic
inflammation 4 blockade of the axon reflex (16) and
sympathetic ' c0crents. In addition, in vitro studies have
demonstrated L-k to have numerous effects on

nonneu-ronal cellular activities involved in the inflammatory
response, including inhibition of granulocyte and
lvmphocytc function (17-21), fibroblast growth and
collagcn synthesis (22, 23), platelet aggregation (24),
and production or r-cicase of phospholip4se A2,

super-oxide and'histaminc (23-28). A recent study has
dcm-onstratcd administration of LA in surgical wounds to

reduce lcukoc%-tc migration and metabolic activation
in the wound area (29). Furthermore, LA has been
demonstrated to inhibit experimental peritonitis (30).
Finally, LA have been demonstrated to have

anti-?nicrobial activity (31). Ho%vcvcr, the clinical
impli-cations of these endings for pain, inflammation and

wound healing in surgical patients have yet to be
clarificd (32-34).

CLINICAL STUDIES

In order to evaluate c)dsting data, they are discussed

according to their design, i.e. an optimal design with

(_' Acta AnaeslAesivlagiea Scandinarka 38 (19911
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placebo controlled studies, and non-placebo controlled
randomized studies-

Placebo -.coatrolled effecu on postoperattim pain and optoid re
-quirements

The cffect oladminis(ration of LA into the %vound on
postoperative pain and/or requirements of additional

analgesics has been investigated in B randomized,
double-blind, placebo-controiled studies with different

sUrgical procedures (Table I). In three of these swdics,
however, pain was not assessed (35-37) and in no

study except one (38) was it specified whether pain

was assessed a t rest or during ambulation, which is

important to give a full picture ofan analgesic method
ý39).

In two of the 13 studies (40, 4 1), a clinicatlv
signifi-cant reduction in additional opiold requirements

(Crom 18 to 9 doses of meperldinc 0.2 mg - kg - 24 h

40) and from 407 mg to 256 mg (mean values)
Mcpcridinc-24 h-' 

(41)) together with a significant

ciccrcasc in pain intensity was dcmonstraEcd. 11, one
s(udv (42), a clinically significant decrease in pain
III Cclisity was demonstrated, and in another studv (36),
a clinicall% significant decrease in oploid requirement
(from 10.9 to 6.6 "narcotic doses" - 72 h-') was

demon-siraLed while pain was not assessed. In another two
studies (38, 43) a statistically significant decrease in
optold requirements was demonstrated (from 84 ling
to 61 mg (mean values) methadone - 78 h ̀  

(431, and
from 64 mg to 20 mg (mean values) pethidint-24
h-' (38)). However, such small reductions in opioid
requirements may be of less clinical relevance. In the
study by Levack ct al. (43), pain decreased after
,,%,ound perfusion both with bupivacaine and with

pla-cebo (saline), and pain was not different between the
two groups before and after wound perfusion.

Further-more, a higher baseline pain score with bupivacaine
suggested, that twice daily perfusion "was inadequate
and perhaps even a disadvantage", although the latter
Nvas not documented bv their results (43). In the herni-

Table I
ElTect of incisional LA on postoperative pain and requirements of additional analgesim Randomized. blinded, placitbo-controlled studies.
I i -statistically and clinkaliv significant effects. I -statisticafly signi6cant effects. - -not dillerent from placebo.

RK
Local anacsthctict
concentration

Method of
administration

Volume
(MV.

T%-pc of
surgery

Effw on:

pain opioid

incensitv requirements

Chester J F et al. bupiv. 0.5%10.15% bolus/cont. infusion subfascial10- 4 h-in cholcitxsicctomy
(40) 24 it

PartTidgc B L ct al.bupiv 0.25% one infiitr. muscle. fascia. subc 30 upperilower

abdomni-ý41)nal

paccl J %I et al. bupi%-. 0.25% one infiltr. peritoneum inuscic.50 cholecv-stcc(orriv
subc,

Bj%s R A ct al. bupiv. 0.3% one application %,ound irnization15 inguinal hernia
ipcrmatic cord, fascia), subc.

Sinclair R ct al. lidocainc spray, one application subcutancous2 inguinal hernia
081 100 mg - 

ml-'

I-e-vack I D ct al- bupiv. 0,5% repeated injections subfascial10 - 12 h - cholccystJsplcncctom,...

-in 72 [1

I ro(tcr T N ct al.bupi%-. 0.514. one infilir. subcuiaticous cacsarcan section
-4;;

T-homas D F I bupiv. 0.5% repeated injrcttom sub(ascial10 4 11 inchotccvstcctomv
ct al !33, 48 h

Gibbs P ct al. .44)bupi%-. 0.3% cont. infusion sub(escial 2 3, 1
cliolccvsccctom%-1,

Hoist P ct al. (45)lidocaine sprav one application subcutaneous V.naccoloocal
100 mg 

-nit-
laparotomv

c( At bupiv. 0.?5% repeated injections subcutaneous40 4 li inabdominal
or rccius sheath 48 li aortic surgery

ýdarns 'i J ci al buplvý 0.25% one infil(r- at topical application40 cholecyi(cciorriv
ý8ý pcriioncal1fas6aUsubcutar,rciui

,-i RAa% J J 1, M bupiv. 0.25% one infiltr.. pci-itoncuni, 30 cholccvstcc1omv
ji 3ý) fascia. subc.

t,
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mWIV studv by Sinclair cc at. using lidocainc spray
ý)oo niq was oniv mod cstly decreased during. (38), pal
iic first 24 li after surgery. No difference in pain during

inobilization could be demonstrated between liclocatric
j Ild placebo created patients although pain on

unspecl-kcd palpation or the wound was significantly decreased
in patients treated with liclocalne spray (38).

In sc%,cn studies (35, 37, 4-4-48, Table 1), no cffcct
Of wound infiltration with bupivacainc (35, 37, 44,
46-48) or lidocainc spray (45) compared to placebo
\:is demonstrated. In the study by Thomas ct al. (35)
Table 1), patients perfused with bupivacaine or saline

rcccivcd significantly less papaveretum than
unpcrfu-A patients. I his finding may indicate a therapeutic

01'ect of perfusion of surgical wounds with saline since
,i similar cffcct was observed in another study (43). 1(

MaV, however, also be due to a placebo effect (35, 43).
In the study by Trotter ct al. (47), pain was similar
to buplvacainc and placebo treated patients although
a small statistically significant difference in

weight--djustcd morphine consumption was demonstrated
,47).

In summary, in six of 13 randomized, blinded,
con-trolled studies of incisional LA vs placebo (36, 38,

40-43.1, a statistically significant decrease in pain and/
or opioid requirements was demonstrated, but in two
studies (38, 43) the demonstrated significant small

de--ease in pain and/or need for additional analgesics
ay not seem of clinical importance. In the remaining

seven studies (35, 37, 44-48), rfo effect of LA on pain
or oploid requirements was demonstrated. Taken

to-gcthcr, the available data from moderate to major size
operations have demonstrated incislonal local

anacs-dictics to have only a rather small cifect on pain and/or
oplold requirements, and probablv without important
clinical relevance.

Effects on postoperatitle Pain and opioid requirements i 
. 
n

non-placebo -conlrolled randomi,-ed studies
I n addition to clic studies in Table 1, four

non-placebo-controlled and/or not -bl 1 ndcd /randomized studies
havc been published (49-32, Table 2). In one study
!501, the number of doses of papavcrcturn 15 mg im
were compared to the number of injections of

bupiva-caine 5 mg-ml-', 10 ml through a catheter placed
subcutaneously following herniorrhaphy; patients in
the opioid group required an average of 1.7 doses of
papa,,.-cretum while patients in the local anacsthctic
group required an average of 1.3 doses of buplvacaine.
However, pain was not assessed (50). In another study
,49), no cffcct of bupivacaine 3 mg 

- ml -', 10 ml
in-jccted deep to the external triguinal ring after

her-niorrhaphy was demonstrated on pain or
opioid-rc-'.Jircmcn(s compared to a control group. In the study

I)v Egan et al. (5 1) in patients rccciving infiltration into
the fascia with bupivacaine 2.3 mg - ml -', 2 ml - cm

-incision after elective laparotomy (51), no difrercnce
in requirements of additional analgesics was

demon-stratcd and pain was not assessed. Howevcr, time to
first analgesic was significantly increased, although
only from 1.3 h to 2.2 h (51). Finally, in the study by
Tverskov ct al. (52), time to the first request for

anal-gesic, and pain scores during rest and mobilisation 24
and 48 h postoperatively were significantly reduced
in patients receiving subcutaneous and intramuscular
infiltranon of the abdominal wall with bupivacaine
2.5 mg 

- ml -', 40 ml before herniorrhaphy, compared
to a control group receiving the same amount of

sys-temic analgesics only. Summarizing, it is impossible to
draw a clinically useful conclusion based on these few
non-placebo controlled studies since pain was not

as-sessed (50, 51), or a rather small amount of LA was
given (50, 51) or administered at a suboptimal place
(49). Thus, only the well-performed study by Tvcrskoy
ct al. (52) suggests incisional LA to be of clinical
importance, but obviously needs to be confirmed by
others.

Influence of dosage, site and time of injection

In I I of 13 placebo controlled studies (Table 1),
bupivacaine 0.5% or 0.25% was used for infiltration
and/or continuous infusion. In two studies liclocaine
was used as spray (Table 1, 38, 45). No dose-response
studies have been published.

In two studies with clinically significant decreases in
pain and/or opioid requirements (36, 41) peritoneum,
fascia, muscle and subcutaneous tissue was infiltrated
with intermediate - to high-dosc/high-volume

bupiva-calne regimens (Table 1). In the study by Chester ct
al. (40), with significant effects on both pain and need
for additional analgesics, a catheter was placed

be-twcen peritoneum and the rectus sheath, and 10 ml
bupivacainc 0.5% was injected followed by continuous
infusion oMupivacainc 0.5%, 4 ml - h '; the patients
thus received 530 mg of buplvacalnc during a 24 h
period (Table 1). In one siudv of lieriilotomv patients,
ivith significant effects on pain (42), approximately 15
ml of bupivacalne 0.3% was bathed along the

sper-Matic cord, fascia and subcutaneously (42).
In the two studies with minor clinical effects (38,

43), on1v one laver was infiltrated (43) or sprayed
(38), and in ad4ition rather small 

doses/volumes* 
of

LA were used (38, 43, Table 1).
Of seven studies without clinical cffects, small or

moderate doses were infiltrated or sprayed to one laver
in E%vo studies (4-4, 45, Table 1). In the large dose

study by Thomas cc al. (35), a catheter was placed
between penconcurn and the rcctus sheath, and 10 ml

/ 9ý
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I'JbIc 2
if incisional Uk an postopcrativc pain and requirements of additional analgesics. Randomized, tion-placcho cont, udi*Ued st cs.

itatinically and clinically significant cffcct& I - statistically significant effects. no clTect.

E&ct on:
Local anacsthedcl Mcthod of Volume Tývpc of pain opioid

R cf. concentration administration (MI) surgery intcnsitv requirements
Hashcmi K ci al. bupiv. 0.5% repeated injections subcutaneous 10 inguinal hernia ?
'30)
Cameron A E P bupiv. 0.5% repeated injections external 10 inguinal hernia
ct al. (49) inguinal ring
Egan T M ct al. bupiv. 0.25% one inriltr. intra-fiscial 2 mi/cm upper/lowcr ?
(31) incisionabdominal

Ttvrskoy M ct al. bupiv. 0.25% one infiltr. subcutaneouslantra- 40 inguinal hernia
114 (52) muscularpre-operelivdy

bupivacainc 0.5% was injected followed by repeated
injections of bupivacainc 0.5%, 10 ml 

- 4 h -' for 60
hours. In another large dose study (46), bupavacainc
0.25%, 40 ml was injected every 4 h for a total of 48
h to one layer (subcutaneously or submuscularly) but
without differences between patients treated with

sub-cutaneously or submuscularly administered local
an-aesthetic (46).

Finally, three studies using an intermediate onc-dosc
regimen with subcutaneous tissue infiltration (45) or
infiltration of peritoneum, fascia and subcutaneous
tissue (37, 48) did not show any advantageous effect
of LA. Summarizing, it is not possible to draw relevant
conclusions about dose-rcsponse relationship from
these limited data. Neither has the optimal site for
infiltration been systematically investigated. A

continu-ous infusion may be more effective provided large doses
arc used (40). It is not possible to draw conclusions
on differential potency of incisional LA in different
s u rgical proced u res since very diffcrcn t d osc- ahd infil

-tration regimens have been employed.

Effects on postoperative morbidity

The effects of incisional LA on pulmonary morbidity
and various pulmonary morbidity parameters have
been investigated in seven placebo-con trolled studies
(35-37, 41, 43, +4, 46). Clinically significant

advan-tages have been demonstrated in one study only (36),
where high-dosethigh-volume infiltration of

pcrito-neum, muscle and subcutaneous tissues after
cholecys-tectomy significantly reduced the incidence

ofatclecta-sis compared to control patients (3/17 vs 12/23).
Ar-terial Pol and pulmonary function tests (functional

%rital capacity (FVC) and forced cxpiratorv volume
(FEVI)) were also improved in patients receiving
bupivacainc compared to saline (36). No effects on
Pao,, peak now, FVC, Fr.V or chest infections bV

clinical evaluation (46), FVC or FEV, (37), vital
ca-pacity (VC) (35), Pao2, pcak-flow, or chest infections

(44), or FVC (43) were demonstrated in five
placebo-controlled studies (35, 37, 43, 44, 46), while Pao2 was

improved in bupivacainc created patients compared t.o
controls in one study (41). In the randomized, but not
place bo-conErollcd moderate-dosc study of 415 patients

undergoing elective upper or lower abdominal surgery
by Egan et al. (51), no effect was demonstrated on,
the incidence of postoperative atclectasis, pulmonary
function tests or clinical signs of pulmonarv infection
(51). Positive cffccts on postoperativt mobilization or
re convalescence have not been mentioned in any

stuly-investigating the specific effect of infiltration of the
surgical wound with local anacsthetic. However, in
one study, incisional LA led to a I h earlier discharge
from the postanacsthetic recovery unit (41).
In conclusion, infiltration of the surgical wound with

local anacs(hctics has not been demonstrated to hate
clinically important effects on postoperative morbiditiv.

Effects on the uy'ury response to surgeg
Afferent neural stimuli have been shown to be of major
importance in mediating the injury response (14) and
the wound may additionally play a major role in

rc-leasing various humoral factors mediating or

amplify-ing this response (15). Modification of the stress
rc-sponse to surgery has been the goal of'sm-cral

invcstiga-tiorts in recent years in the hope that.attcnuation of
the increased demands on organ function may improve

morbidity (14). Since this response is initiated at the
start of surgery, preoperative blockade may reduce not

only postoperative pain (vide infra) but also the stress
response.
The effect of combined wound infiltration and

pe-riphcral neural blockade with LA on the injury
rc-sponsc has been investigated in one study in inguinal

t

_1ý'
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Iwimotomy (53). Prcopcrailvc high-dosc infiltration

,,( Subcutancous and muscular tissuc plus Illoinguinal
11CIAT blockadc with bupivacaltic 0.251/6, 30-60 ml,
followcd by continuous infusion of the wound with
litipivacairic 0.3%, 5 ml h-' via an Inwelling catheter
placed at the superficial inguinal ring, attenuated the
h-pcrthcrmic rcsponsc but not leukocytosis and acute
phase protein changes. The neural blockade was

effec-ilvc as Judged b- lack of increase 'In plasma cortisol
.111d plasma glucose. Additional cooling of the wound.
io enhance the local aiiacsthctic effect of wound

per-litsion with bupivacainc, did not modify the injury
response (53). In one study postoperative incisional
LA with liclocaine spray blocked the P-cridorphin

re-.<ýonsc to hcrnioiom, (i8), a finding which is difficult
to explain since the stress response is initiated already
after skin incision.

ýrslernic and local adrerse efft(ti

-Slcms or svstemic tox'citv have not been observed inI *
.III, , 

, 
study in Tables I or 2. Plasma concentrations of

LA have been inx-cstigaEcd in one study using spray
38) and werc FOLAnd to be vcll below toxic levels (38).

III a study by Martin & Neill (54), venous blood
Vessels after bupivacaine 0.5%, 40 mi with or without
adrenaline (1:200000) were studied following local
Infiltration of the lower abdominal wall in 16 patients

undergoing laparoscopic sterilizatior. LYfcan peak
plas-Ina vcnous concentration following 0.5% plain

bupIva-cainc was 2.23 + 0.24 Vg 
- ml ̀  and following 0.5%

hupix-acaine with adrenaline 0.98 + 0. 10 jig - ml No
signs ors-stcmic toxicicy were observed in any patient
:54).

No untowards effects. c-t'dcnt from clinical
cxamin-ation, have been observed on wound healing in anystud- published. However. in one study with repeated

Injections through an Inwelling catheter (49),
organ-isms were cultured froni 6 of 48 catheters, but 'infection

of the wounds were not observed. In none of the
pub-fislicd studics has a significant increase In wound

Infcc-tions I)ccii rcported. In this context it Is interesting
that thc LA themselves have been reported to have
antimicrobial cfTects 31

f I Bound infill1ration wilh L.4 as pireemplive analgesia

Pi-c-Injury treatment with an analgesic interfering with
iniciatioii of pain in the periphery should minimize the
activation and sensitization of peripheral nociceptors,
thcrcby minimizing the noxious input into the central
11crVous system and attenuate the Inflammatorv

rc-,,ponsc to surgical traunia. FLir(hcrmorc,
hypercxcitab-111tv of dorsal horn ncurones may be reduced bv such

prccmptic analgesia k[31 and it has been stiggcstcd
shat preopcrative admInIs(ration of analgesics rim,, I)c

more eff"ective than (rcatnictit initiated Postol)crativclv
(53). In all 13 swdlcs in Table 1, LA was 

administered'

postopcr.iti-cl . . In one recent study, preemptive spinal
or incisional neural blockade before inguinal

her-niorrhaphy reduced late postopcrativc pain and
wound tenderness compared with patients operated
in general anacs(hcsia only (52.1. Another study has
demonstrated increased time to First analgesic when
incisional liclocaine was administered prcopcratively
compared to after sur-crv (56). However, prcopcrati-c
infiltration of subcutaneous and muscular tissuc plus
illoinguinal and 111ohypogastric nerve blockade

(ingul-nal field block) with liclocaine did not improve the

quality or duration of analgesia and had no effect on
the need for additional analgesic or late postoperative
pain compared to an identical postoperative

infil-tration in inguinal licrniorrhaphy (57). In another
study, preoperative Inguinal field block did not

im-prove analgesia compared to postoperative Instillation
of the surgical wound with bupivacainc after

herni-otomy (58). Therefore, there is a major need for further
studies ofpre-vcirsuspostinjury treatment with incisional
LA before clinical recommendations can be laid down
(59).

DISCUSSION

Topical administration of LA (infiltration or spray,
in the surgical wound may have extended effects on
hyperalgesia and postoperative pain clut to

inter-fcrencc with traurna-Induccd changes in thc*pcripheral
and central nervous system (52.), but results from

pla-cebo-controllcd trials may seem disappointing (Table
1). Infiltration with large volumes of LA, however, has
provided substantial cffccts in some studies (36, 40:
41, 52.). It is impossible from the available data to
conclude that incisional LA may exert more analgesic
power in small or moderate scale surgery versus major
surgery. It is noteworthy, that only a very few

placebo-controlled, blinded studies have been published,

cs-pccIally in surgical procedures such as
herniorrhaph-and other 

"minor-' 
abdominal procedures.

The inherent rclativicly short duration of action of
the available L.A:s is a major problem, and irrigation
of all parts ofthc wound may seem technically difficult
to achieve with continuous infusion. Furthcrmom
most patients may require additional nerve blocks,
opiolds or other regimens. Thus, the combination 

of'

iliolivpogastric and ilioinguinal nerve block with
infil-tration of the operative field is effective for inguinal

surgery and mav enhance ambulation and the return
of normal daily actIvItIcs compared to genera I anac

s-thesia ',60). Howcvcr. the effec( on postoperative pain
Or nlorbidli.v of Incisional I., combined widi other
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analgesic regimens have (to( bccrt studied in oElier

types of surgery. Thus, Eherc is a severe need for

sys-(cmaLical investigations to cvaluatc the optimal

method and time for infiltration, optimal

dosagelvol-ume, infiltration with LA as part of a multimodal

pain treatment regimen, and to development of more

cffective methods for continuous irrigation.

Further-more, there is a need to develop nc%v L.A!s %Aith an

extended duration of action or new formulations of

the present available LtVs to extend their duration of

action. Until now, howevcr, controlled trials

invcsti-gating the ability of dcxEran to prolong the action

of different LNs have been disappointing (61, 62).

Incorporation of anaescheiic agents in lccithin-coated

microdroplets is under investigation (63, 64), and may
be of value for prolonged postoperative analgesia If

local anaesthetics could be used in such a preparation.

The potential prolongation of incisional L.4, with slow

absorbable suspensions or liposomai preparations

re-mains to be elucidated (65.). Ropivacalne, a new

long-acting aminciamide LA, has, in animal studies (66,

67) and in clinical studies (68), been demonstrated to

possess a long duration of action and, furthermore,
ropivacaine may decrease cutaneous blood flow in

con-trast vý bupivacaine (66-69 ' ), although this has been

disputed by others (7)). However, no clinical data

are, available on incisional ropivacaine. Nevertheless,
ropivacaine may offer an advantage ; 

. 
n terms

ofcardio-vascular toxicity (71-73) w-hich mav be especially
rei-cvant for infiltration anaesithesia, % ,here rather large

doses may be necessary.

Recently 1( has been recognized chat oplold

antinoc-iception can be achieved by activation of pchipherai

oploi -ccp(ors (74) and that peripheral applicationid re

of oploids may have clinical effects on postoperative

pain (75) since intra-articular morphine ha-s been

dcrnonstracccl to have prolonged analgesic effects after

knee irthroscopy (75). Such findiligs, together with

rcsul(s showing analgesic cffeccs as wck as modit'ving
effects on the injury response of pcripcral application

of NSAID preparation in supcrficial injury (76) may
open up a new era of acute pain treatment. Thus,
peripheral balanced analgesia with L.-Vs, oplolds,
NSAID's or other agents administered at the site of

Injury, may be an important future alternative in the

management ofpain, similar to multimodal pain
ýrcat-nictit ("balanced analgesia") a( (lie spinal cord level

wifli epidural analgesics k77).

ACK NOWLEDGEM ENTS

T'hi, rc, ic- ,as -pporicci h, i (trani imm 'ý I R ý 0,nmarL and
(-ni ,I R 9 S,,cdcn

REFERENCES

I . Da 
. 
hl J B, Kchtct H. Non-stcroidal anti,inflammatory drugs:

ridonale for use in severe postoperative pain. BrJ A-es'th 1991:
66: 703-712.

2. Raja S N, [ever R A, Campbell J N. Peripheral mechanism of
somatic pain. Atirli(AesialogY 1988: 68: 571-590.

3. Cousins � J. Acute pain and the jnjurý- response: immediate
and prolonged c6ccis. Reg Anerth 1989: 14: 162-179.

4 Goodacirc T E E, S3ndcrs R, Watts D A, Stoker jJ, Split skin
grafting using topical local anacsthcsia (EML-1.): a comparison
%vi(h infiltrated anacsthtsia. Br _7 Plait Surg (988. 41: 333-538.

3. Small J. Wallace R G, Millar R, Woolfson -k D. Mccallerts;
D F. Pain-free cutting of split skin graft by application of a
peTcutancous local anaesthttic cream. Br J Plast Surl 1988: 41:
539-343.

6, Tuffin J R, Curtliffic D R, Bcgg R, Shaw S R. Does bupivacainc
irrigation or third molar socket reduce postoperative pain? - a
double blind controlled trial. Br J Oral .1 larillo/ac Surg 1990: 28:
916-98.

7. Kaplan P, Freund R, Squires J, Herz M. Control of immediate
postoperative pain with topical bupit-acaine h-drochloridc (or
laporoscopic fallopian ring tubal ligation. Obtlel Graecol 1990:
76: 798-802.

B. Chester J F, Stanford J, Gazct J C. Analgesic benefit of locally
injected bupivacaine after hcmorrhoidcctomy. Dis Colon Rectum
1990: 33: 487-489,

9. 0%%-cn H. Galloway D J. Mitchell K G. Analgesia by wound
infiltration after surgical excision of benign breast lumps. Ann R
Coll Surg Engl 1985: 67: 114-113.

10. Smith 8 E. Macphtmn G H. dcjonge M, Griffit4hsj M. Rcctus
sheath and mcumalpinx block for laparoscopic sterilization,'. in

-aevAesia 1991: 46: 875-877.
llý Lcoinc J D. Codcrrc T J, Basbaum A 1. The peripheral nen-ous

sý.-stcm and the inflammatory process. In: Dubncr R. Gcbhart
G F, Bond M R, eds. Proceedings aj'lhe I'M f I ýrld Congreit on Pain.
Amstcrdam: Elsc%icr. 1988: 33-43.

12. VaLsh T L. Neurologic mechanisms of pain. In: Cousins M J.
BridcnbauKh P 0. cds. .cural block-ade in clinical arteithesia and
management dy"pain. 2nd cdn, Philadelphia: JB Lippincott. 1987:
791-844.

13. Woolf C J. Recent advances in the pathophysiolog-y of acute

pain. Br 3 Anars1h 1989: 63: 139-146. 1t4- Kchlct H, Surgical stress: The role ol'pain and analgcsia. 23f

.4aceirth 1989: 63: 189-195.
D W. The wound as ats organ. I ii: Little R A. Frayn K

N. cds. The trientific hasufor the care qJ*thc cril4calir ill. Manchtstcr:
Manchester Uni%-cr%it%- Press. 1986: 45-39.

1G. Barnes P J. Betvisi M G, Rogers D F. Modulation of ticurogenic
intlanimation: novel approaches to inflammatory disease. Trimis

PharnmalS<-i t990: U. 185-189.
17, Pcck- S L. Johnston R B. Hor-%%itz L D. Reduced neutrophil

superoxide anion release after prolonged infusion of fidocainc. 3
Pharmarol Exp Ther 1985: 235: 418-422.

18. Hammer R. Dahigren C, Stenclahl 0. Inhibition of human

lcucoc%-tc metabolism and random mobility by local anacsthtsia.

Aria An4elthtlidl SCAAd 1985: 29:
320-523-19. Vandcribrouckc-Grauls C M J E. Thijsscri R M W Mý Marcelis

J H, Sharma S D, Vcrhocf J. Effects of i%lsosomotropic amincs;

on human polymorplionucicar Icucocyte function. _7 Immunal

1984: 51: 319-326.
20. Verhoc( J, Sharma S D. Inhibition of human natural Liller

actis-m b 1% sosomocropic agents, J Immunal 1963: 131: 123-13 1.

21 MacGrcgor R R, Thorricr R E. %%'right D NI Lidncairic inhibi(s
grank,kK,tr %dlxcrcncc and fircx-crits lZratiulocvtc dirlit-cr, to

in-Ihn"n nOr, "iri 81004 1,180 56 103 -20,

FOI - Page 142 of 162



WOUND INFILTRATION WITH LOCAL ANAESTHETICS FOR PAIN RELIEF

'imrroci- 
J E. Nunn J F. C% *iotoxic cffccis of proc2inc. lignocainc

a tad bu pi % a cii tic. Rr I Anaesih 19 79: 51: 2 7 3-28 1.
(Awipil N1. 

Hamcroll' 
S R, O'Dea K, Pc2cock E E. Local

micsthetics and wound healing. J S&rl Rrs 1979: 27: 367-37 1.
Jain M K. L-kuw K. Kuchibhoda J, Colman R W. Correlation
of inhibition of platelet aggregation by phenothiazines and local
aticsthctics vvich their effects on a phospholipid bilayer TAromb
Reir 1978: 13: 1067-1073.
Jackson MJ,Joncs; D A. Harris EJ. Inhibition oflipid

pcroxi-dation in muscle hemogcnaics by phospholipax A. inhibitors.
flittiri Rep 1984: 4: 381-587.
Suzuki T. Ohishi K, Kida J. Uchida M. Influence of pH on
the inhibitory effects of local anacsthc(ics an histamine release
induced from rat mast ccils by concanavalin A and Compound
48180. &r J Pharmeal 1984: ill: 34 7-355.

-7. Johnson H G, Miller M D. Inhibition oChistacninc release and
tono hore-induced calcium flux in rat mast cells by lidocaincp
and chlorpromazinc. Alemb Arliam 1979: 9: 239-243.

2M. fri(a K, Fujita 1. Takeshige K. Xlinakami S, Yoshitakcj.
Cincho-caine And amethocainc inhibit activation and ac(i%,ity

ofsupcrox-ide production in human ncutrophils. Br J Anaesth 1986: 58:
639--645.
Eriksson A S, Sinclair R, Cassuco J, Thomsen P. Influence of
lidocainc on Icukocytc function in the surgical wound.

AnesMesi-aloV 1992: 77: 74-78.
Rimbick G. Cassuco J, Wallin G, Westlander G. Inhibition of
peritonitis by amide local anesthetics. Anesthesidoty 1988: 69:
981-886.

,i 1. Rosenberg P H, Rcnkoncn 0 V. Antimicrobial acci%ity of
bupivacainc and morphine. AntiMrtiologr 1985: 62: 178-179.

;2. Morris T, Tracey J. Lignocainc: its effect on wound healing. Br
Surf 1977: 64: 902-W3.

I N-kancn D. Kissoon N. Ricdcr M. Armstrong R. Comparison
of topical mixture of lidocainc and prilocaine (EXILA) versus
1% liclocaine infiltration on wound healing. Prdiair Emerg Ca"
1991: 7: 15-17.
Morris T, Appleby R. Retardation of%v'ound healing by procaine.
Br I Sarg 1980: 67: 391-392.
Thomas D F M, Lambert XV G, Llo,...d Wiliams K. The direct
perfusion o(sucgical wounds with local anacsthccic solutions: An
approach to postopcracive pain' .4na R Cdl Surg EaSt 1983: 65:
226-229.

36. PatclJ M, Lanza(amc R J, Williamsj S, Mullen B V, Hinshaw
J R. The cffccts of incisional infiltration of bupivacainc

hydro-chloride upon pulmonar. functions. accicciasis and narcotic need
followinig elective cholcýc,stcctom%-. Surg Crnerol Obilet 1983: 157:

338-340.

van Raa.Jj A M. Roukrmaj A. Icndcrink 8 IV. In traopcritic

wound infiltration with I)upiacainc in patients undcrgoing
c1cc-tive cholecystcctoni. Irrh 

Sarl 
1992: 127: 437--459.

iýi Sinclair R. Cassutoj, Hogstriim S cc a]. Topical Anesthesia with

lidocainc aerosol iii the comrol of Postoperative pain.

.4nestheit-olegr 1988: 68: 895--901.
19. Dahl J B, Rosenberg J. Hatistrn B L, Hiortso, N-C, Kchlct H.

Differential analgesic cffccts of low-dosc cpidural morphine and

morphine-bupivacainc a( rest and 
during mobilisation following

major abdominal surgery- Anesth Analf 1992: 74: 362-363.

ChcsterJ F, 112%indranath K, White B D. Shanahan D. Tavlor

R S. Wound perfusictii widt bupivacaine: objective c%idcnce for
cfrlcac%. 

in postoperative pain relief. .4nn R Coll 
Surl Engi 1989:

71: 394-396.

Partridge B L. Stabile B E. The cfl[ccts of incisional bUpi%-.IC2inc
on poc(opcrativc narcotic rcquircnicnis, o-.,%-gcn saturation and
length of stav in (1141' 

Post -211acsthesia care unit. .4cra Inaritheitol
ýeaad 11)90: 34: 4H(i-491

llavý R ., Barrý I., I'llc o'r of llupl.Icaloc 'n

13

elective inguinal hcrniorrhaphy as a fast And safe technique ror
relief of postoperative pain. Surf C!rx oba 199 1: 173: 433-43 7.

43. L^-ack I D, Holmes J D. Robertson G S. Abdominal wound
perfusion for the relief of postoperative pain. Br JAntsestA 1986:
S8: 613--619.

44. Cibbs P, Purtisshotham A, Auld C. Cu3chicri R. J. Continuous
wound pcrfusion with bupivacaine for pos(opcrativewound pain.
Br J Sýfrf 1988: 75: 923-924.

45. Holst P, Erichsen C 1. Dahl J B. Hjortso, N-C, Grindstcd J,
Kehict H. Effects of lidocainc aerosol ,-crsus placebo on post.
operative pain and wound tenderness following minor

gynacco-logical laparocomv. Arm AmesdAesiel Strand 1992: 36: 112-114.
46. Piciffer U, Dodson M E, Van Mourik C, Kirby. J. McLoushlin 0

A. Wound instillation for postoperative pain relief. A comparison
between bupivacainc and saline in patients undergoing aortic
surgery. Am Vem Swr 199 1: 5: "4.

47. Trotter T N, Hayes-Gregion P, Robictwn S, Cole L, Colev S,
Fell D. Wound infiltration oflocal anacsthetic after lower segment
Caesarean section. Anaest"a 1991: 46: 404-407.

48. Adams %VJ, ALTamo%icj, Barraclough 8 H. Wound infiltration
urich 0.25% bupivacainc not effiective for postoperative analgesia
after choicc)-stectomy. Awl A'Z Sarl 1991: 61: 626-630.

49. Cameron A E P, Cross F W. Pain and mobility after inguinal
hcrniorrhaph%- inciTcctiveness of subcutaneous bupivacainc. Br

J Surl 1985: 72. 68-69.
30. Hashemi K, Middleton M D. Subcutaneous bupivacainc for

postoperative analgesia after hcrniorrhaphy. Ann R Call Smrg Engi
1983: 65: 38-39.

51. Egan T M, Herman S J. Doucette E J, Normand S L, McLcod
R S. A randomized. controlled trial to determine the cffcctivcncss
of fascial infiltration of bupivacainc in preventing respiraton.
complications after clccti%-e abdominal surgery. Surgeýr 1988:104:
734-740.

32. T%-crskoy M, Cozacov C. Ayachc M. Bradley E L., Kissin 1.
Postoperative pain after inguinal hcrniorrhaphy with dillerent
types of anesthesia. Anesth Anaig 1990: 70: *29-3 

5.'

53. Schulze S, Rye B, Moller I IN', Kchict H. Influence of local
anaesthcsia and local hypothcrmia on lcucocytc. temperature
and transferrin response to surgery. Danish .11rd Bull 1992: 39:
8"9.

34. M artin J, Neill R S. Vcnous plasma i total i bupi%-acainc
conccn-tration rollo%,ing lower abdominal field block. Br J,4naerth 1987:

59: 1425-1430.
35. Wall P D. The prc%-cn(ion of postopeativc pain %editorial 1. Pain

1998: 33: 289-290.
36. Ejlcrscn E. Andersen H B. Eliascn K. Mogenscn T. A comparison

be(wccrt prc- and pos(incisional lidocainc infiltr2(ion on
post-operative pain. 1992: 74: 493-498.

37. DicrkidT G. Dahl J B. Kans(rup J, Dahl Aa. Kchlet H. The
cffcct of prc- versus postopcrativc inguinal field block on

Post-operative pain after hcrniotomy. &J.4naesth 1992: 68: 344-348.
38. Spittal NIJ, HuntcrSJ. A comparison o(bupivacaine itu(illation

and inguinal field block (or control of pain after hcrniorrhaph%
Antic R U/ Surg EnZI 1992: 74: 85-88.

39. Dahl J B, Kchlct H. The value of prccmp(i%-c analgesia in the
treatment of postoperative pain. Br J Anarith 1993: 70:

434-439.
60. Tcasdalc C, McCrum A, IN illiams N B. Horton R F. A

random-ised controlled trial to compare local with general anacs(hesia
for short-sta%- inguinal hcrnia repair. Inn R Coll Surg Engl 1982:
64:238-242.

61. Armstrong D N. Kingsnorth A N- Local anscsthesia in inguinal

herniorrhaphv: influence of dcxtrait and saline solutions on

dur-anon of action of bupivacainc. .4nn R Coll Surg Engf 1986: 68:
207-208.

62. Kingsnnt-di . V ýýIjc%ofliýt S S. Gri-m CJ. rl%aluatioji of dcNtran

/ýo
FOI - Page 143 of 162



14 J_ B. DAHL ET AL.

with local attacsthesia for short-stay inguinai licrniorrhaphy. .4nn

R W Sarg FnCl 1979: 61: 456-45i.
63, Kirkpatrick A F, Uvallc-Gray '%4. Haynes D H. Long duration

local anesthesia mith lecithin-coated microdropicts of
mcthoxy-fluranc: studies %,ith nu skin. Arg Anesth 1991: 16: 164-172.

64. Haynes D H. Kirkpatrick A N. Long duration local anesthesia
with lccithin-coatcd microdroplets of mcghoxyfluranc: studies
wrich human skin. Rq Arwstk 1991: 16: 173-180.

65. Djorcljc%ich L, Ivano,.ich A D, Chigurupad R, Woronowich A,

McCarthy R. EiTiciacy of liposomc-cncapsulatcd bupivacainc.
Antithesiolo.ty 1966: 65: A185 (abstract).

66. Akcrman 0, Hcllbcrg 1. Tross%eik C. Primarv evaluation of the

anacithetic properties of the ammo agent ropivacainc (LEA

103). Acta Anacithe;iol Sewd 1988: 32: 571-378.
67. Kopicz D J, Carpenter P, L, (2ckcv D C. Effect of ropivacainc

on cutaneous capillary blood flow in pigs. Ants1hesiolaD 1989:
71: 69-74.

68. Ccdcrholm t, Ever& H, LZrstr6m J B. Effict of intradermal
injection of saline or a local anaesthctic agent on skin blood flow
- a methodological study in man. Aia Anaostheriol Scand 1991:
35: 108-215.

69. Ccdcrholm 1, Evers H, L6fitr6m J B. Skin blood flow after
intradcrmal injection of ropi%-Acainc in various concentrations
with and %vi(hou( epinephrine c%-aluatcd by laser doppicr

flow-mctry. Reg .4neith 1992: 17: 322-328.
;0. Gainard J P, Carpenter R 1, Owens B D, Nadir D. Comparison

betu-cen ropivacainc and bupivacaine aricr subcutaneous
injcc-tion in pigs: cutaneous blood Go%v and surgical bleeding. Reg

Anesth 1991: 16. 268-271.

7 1. Arthur 0 R, Covino 8 G. %%7ha(*s nc%v in local anesthetic,. Aneit,
'__ Clin Y Am 1988: 6: 357-370.
72) Finucanc B T Ropivacaine - a worthy r cPlaccmcnt for

bupiva-'an J Anat'"A IM: 37: 72?-7is.-%il%c? C

; 
i3)CRcvnolds F. Ropiv2caine. Anarsthriia 1991: 46: 339-34,0.
4. Stein C, Fl2ssan A H S, Przcwtocki R- Granuch Cý Peter K.

Herz A. Opioids from immunocvtcs interact with receptors on
sensory nerves to inhibit nociccption in inflammation. Proc jva(I
.4cad Sri 1990: 87: 5935-5939.

75. SEcin C, Comisd K, Haimcri E ct at. Analgesic cirects
arintraart-icular morphine after arthroscopic knee surgery. X EAZI J Attd

1991: 325: 1123-1126.
76. LaLonde C. Knox J, Daryini R. Zhu D, Demling P, H.

Neu-mann M. Topical flud,*ipro(en decreases burn woutW-induced
h%?CfTnctabolism and systemic peroxidation. Surgerr 1991: 109:
645-651.

77. Dahl J B, Rosenberg J, Dirkes %V E, Xfogcnscn T, Kchlet H.
Prevention of postoperative pain by balanced analgesia. Br
Ax"sIA 1990: 64: 518-520.

Address:
,7*rjeor Berg Dahl, NI.D.
Department of

AnaesthcsiologN-H%idovre University Hospital
DK-2650 H%ido%-rc
Copenhagen

Denmark

I

I i Ný 
I I . I I mmý' I I.- I , , SFOI - Page 144 of 162



503

BUPIVACAINE INFUSION FOR ILIAC CREST DONOR SITES

R. A. WILKES, W. G. THOMAS

Pain is common after a bone graft has been taken from

the iliac crest (Kurz, Garfin and Booth 1989). Local

wound infiltration with bupivacaine at closure is effective,
but relief lasts for only four hours (Todd and Reed 1991).

We report a method of infusing bupivacaine which gives

effective and lasting analgesia.

Patients and methods. Patients requiring iliac crest grafts

were randomly selected to receive either bupivacaine

inlIltration at wound closure or bupivacaine infusion
postoperatively.

For the infusion group, a fine-bore catheter was

tunnelled into the wound between muscle and fat and

used to infiltrate 0.5% bupivacaine solution at a rate of
5 mVhour for 48 hours by a syringe driver. A drain was
also used; drain and catheter were removed after two

days.

For the infiltration group 10 ml of 0.5% bupivacaine

solution was injected into the soft tissues by needle and

syringe immediately before skin closure. A drain was

used.

pain on a visual analogue scale (Banos et al 1989;
Campbell and Lewis 1990), taking zero as no pain and 10
as worst imaginable pain.

There were nine patients in the infusion group and
seven in the infiltration group. The results were analysed
by Student's 1-test.
Results. All patients could distinguish iliac crest pain
from that of other operation sites. The average pain score
in the infusion group was 2.2 while that in the control
group was 5.4 (p < 0.01).
Discussion. We have confirmed that infusion is a more
effective method of pain relief than single infiltration. Tle
technique is simple, but we recommend that the catheter
is placed subcutaneously to reduce intraosseous

absorp-tion and the risk of toxicity (Gilman et al 1990).

No b=fits in any form have been received or will be received from a
corntnexcial party related direWy or indirectly to the subject of this article.

At 24 hours postoperatively, patients graded their REffx.ENCES
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Methods
One hundred and forty nine patients undergoing a variety of surgical

pro-cedures were included in this study (Table).

Multihole, thin (22 G) epidural catheters were placed in different areas and
tunnelled 4-5 cm subcutaneously by surgeons, brachial plexus catheters were
placed by anaesthesiologists. These catheters were connected to a lightweight,
disposable, elastometric (balloon) pump containing 50-100 ml bupivacaine
(Home pump,, Block Medical, Carlsbad, CA, USA) (Fig. 1).
The concentration and volume of local anaesthetic depended on catheter site
and r, of surgery. A simple procedure allowed patients to self-administer a. pe
presclibed dose of local anaesthetic (Fig.2).
Oral and written instructions included information about pump function, good
hygiene around catheter site and the importance of closing the clamp after the
,)rescnbed time to avoid overdosage (Fig. 2). Patients were informed about
symptoms of local anaesthetic toxicity, they also had 24-h access to medical
help. When analgesia was not required any further, the patients removed the
catheter and discarded the pump.

Follo%v-up consisted of evaluation of pain relief at home, pump function, use

of rescue analgesic medication and overall satisfaction/dissatisfaction with the
technique. The technique was tested in in-patients under nurse supervision
prior to use in 

patients' home environment.

Results
Pain relief was graded good to excellent by 132 (88.6 %), adequate by 9

(6.0%) and poor by 8 (5.4 %) of patients.
Six (5 A %) patients did not use the pump because of good analgesia following
the first dose given at end of surgery. The catheter was dislodged in 2 patients.

Onset of analgesia was experienced within 5 m4 the duration of analgesia
after each administration of local anaesthetic varied from 2-8 h.
A majority of patients required 2-4 administrations. Patient follow-up did not
reveal any infection or any problems with the technique, patient satisfaction
was very high.

Fig. 1.

Treatment at Site of catheter
Diagnosis No. of patients hospital / home placement

11and surgery
Arthroplasty 26 8 12 Brachial plexus sheath
Arthrodesis 5 4 1 Surgical wound
Arthroscopy 18 2 16 Brachial plexus sheath
Soft tissue injury 32 7 25 Surgical wound or brachial plexus sheath
Tendon surgery 20 7 13 Surgical wound or brachial plexus sheath
Radius fracture 3 1 2 Surgical wound
Orthopedic sur9pry
Arthroscopic subacromial 15 4 11 Subacromial

decompression (ASD)
Shoulder anhroscopy (Bankart) 7 7 - Intraarticular
Clavicle resection 2 - 2 Subacromial
Knee surgery 2 2 - Surgical wound

Breast augmentation 2 - 2 Surgical wound
Bone graft (iliac crest) 8 8 - Near iliac crest (supraperiosteal)
Lympý node removal 2 2 Surgical wound

Mandibular reconstruction 7 7 - Supraperiosteai
Multiple teeth extraction 3 1 2 Subalveolar
Arthroplasty (temporo-mandibular joint) 3 - 3 Suprapenosteal

Total 149 60 89

__-1111111 I I I ! I !ý I ý 11 111ý1 I IN 1 11 1 Ili

Introduction

Many day surgery patients have moderate to severe pain at home in spite of analgesic medication. The problem is particularly distýing in

patients undergoing procedures such as arthroscopies, skeletal surgery, breast augmentation and inguinal hemia surgery. Administration of

local anaesthetic in the surgical wound is effective and safe but the analgesia lasts only a few hours.

A new technique is described which allows the patient to self-administer local anaesthetic solution in the home environment.

Fig. 2. When patient experiences pain the clamp
is opened to start infusion.
After the prescribed time the patient closes the

clamp ("click sound') to stop treatment.
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OBJECTIVES

The purpose, iof it& study was to obtain documentation Olt the stability and compatibility of meropenern
solutions prepared with sodium claloride 0.9% (NEI) in two 4iflerent portable infusion pumps, rntermate*

aud, Horne F4unEY4 FA-Aipse.

STUDY DESIGN

Solutions containing 5, 1(], and 20 mg1mL of meropenem, were prepareti by
constituting 1.0 g vials of Meronern' with 20 nil od V0FI and further dilut";
with NS. The solutions were then fillod in Intermate", 105 nil, and Home
PumjO Eclipse, 100 ml, pumps which were stored at VC and 25C.

Analy-z.ses were carried (311t initially and after 6, 24 and 48 It storage at 25*C and
after 24, 48. 72 and 96 h at 4C.

ANALYTICAL METHOD

Samples were inspected visually and the pH was
recorded. The content of meropenern was detern-dricci by i
a reversed phase HPI-C-metho& The stability indicating
ability of the method Is shown in Fig. 1, The method
precisdon was 5 0.59K,

Column: Hichroan fiIRPB. 5prn particles, It
3.2 x 150 mm

Mobile phase: Acetonitrile: Methanol: lhýater: 0. 1 M
4

IBAR in methanol. (30: 20: 170: at.

1 M IJ130t d t 7 5 th 0H d ý ýjuse o . wi .p a

Flow rate: 0.65 mL/rntn

Detection: LIV at 300 mr, Fig. 1. Oiranuifqgý of wmpý 20 mghnL. jahwrim jeomd at 25ýC.

P"ULTS

The stability of meropenem in NS was found to be stmAtr T&Mo 1. Chemical stability

dePendent On both storage temperature and drug conventroition.

See Table I and Fig. 2.

OnEY minor changes In pH were noted. but the colour of the 5ýnWmj, >96 h 26 h

solutions changed gradually from almost colourless to a t rionglyI ý l0:mg/mL 96 h 20 h
yellow depending on potency and storage temperature-

No significant difference in stability for solutions sbwed in the 20 mg/mL 72 h 14 h
different reservoirs could be seen.

4"T Meropenem in S*&um cb1oride 0,9 1%
26-C

Fig. 2. Dcý in ý
NUNN
.,i- va,,W X-(Cd25'C. 

ý

CONCLUSION

At the estimation of the utility time the warming-up period of

4 - 6 h required to achieve the nominal flaw-rate of the pump
devices must be considered. Estimated utility times. if a

maxi-mum of 10% degradation is accepted, are given in Table 2.

When doses of 2 g are needed the use of larger volume pumps

that allows concentrations of:510 mg/mL are recommended to
obtain a better stability. Administration time exceeding 1 hour

is to be avoided for therapeutic reasons.

In conclusion, despite relatively short stability, meropenern
can be stored and administrated in portable infusion pump
systems. Especially for patients suffering from e.g. cystic

fibrosis this offers the advantages of home l.v. antibiotic
therapy.

A" 
hilmo 

W! 
2 
-ft W get

ProdLftmumbowAder

I : I I lz Z==r I iim I I ! I I I ;

Table 2. Utility time

Cone. Refrig. RT Utility time

(+ 4*C) (+ 25PQ 

ý1

5 rrkg/mL 96 h 6 h 102 It

10 mg/mL 72 h 6 h 78 h

20 mg/mL 24 h 6 h 30 h

EM NVJ'ýý SfV Lj'ýJ--ý'
NA10-1 C.q-tý- 49- 1 A, rh. C- ý I L,b- d
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F 

or most day-surgery patients, postoperative pain
can be managed adequately at home with

con-ventional oral arWgesics, such as paracetainol,
nonsteroicial andinflarnmatory drugs (NSAMs), and
weak opioids (codeine, dextropropoxyphene).

How-ever, for moderate to severe pain, this treatment may
be inadequate (1-4). Our recent study of 1030 patients
undergoing a variety of day-surgical procedures (5)
showed that approximately 30% of patients

experi-enced moderate to severe pain at home. Severe pain
was experienced by many patients who underwent
the following surgeries: orthopedic (knee, shoulder,
iliac bone graft, maxillofacial, halux vaigus), breast
augmentation, inguinal hernia, and varicose veins. We
describe a technique using an clastometric balloon
pump, which allows the patient to self-administer

lo-cal an thetic analgesia at home. This study was
un-dertaken to evaluate the safety and applicability of the

technique in a wide range of surgical procedures.

Methods
Ethics committee approval was obtained for this

pre-liminary prospective study of 70 patients undergoing
a variety of day-surgical procedures (Table 1).

In-formed consent was obtained from each patient at the
time of preoperative evaluation. The technique

in-volves the placement of a multihole, thin (22-gauge)
epidural catheter (B. Braun, Melsungen, Germany)
submtaneously into the surgical wound,

subacrorrd-ally, intraarticularly, or in the axillary brachial plexus
sheath (Table 1). The catheter was turwteled 4-5 cm
subcutaneously by the surgeon and f!Týz 

secured on
the skin by using sterile tape (Proxi-Strip ; Johnson &
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Johnson). Axillary brachial plexus catheters -ere
placed and secured in position by anesthesiologists.
The catheters were introduced 3-5 cm within the
sheath and secured to the skin by using transparent

dressing and tape.
These catheters were used for surgery and

postop-erative analgesia. They could be secured in less than
5 min. Using aseptic technique, the catheters were
connected to a 50- or 100-ml. elastometric (balloon)
pump (Fig. 1) with the appropriate concentration and
volume of local anesthetic drug (Home pumpe; I-Flow
Corpomition, Lake Forest, CA). The balloon pump was
filled with a volume of local anesthetic to provide
10 doses for postoperative pain management. The
Home pump* is designed and approved to deliver
intravenous antibiotics and cytostatic drugs and costs

approximately $15420. Postoperatively, when the
pa-tient feels pain, the local anesthetic infusion is started

by opening the clamp (Fig. 2a). The patient stops the
infusion by closing the clamp after the prescribed time

(usually 6 min) or earlier if pain relief is adequate (Fig.
2b). When the patient no longer requires analgesia, he
or she removes the tape, puRs out the catheter, and
discards the pump. In most cases, the patient

self-administers the first dose in the postanesthesia care
unit (PACU).
Bupivacaine 0.125% was used in brachial plexus

catheters; in all other catheters, a 0.25% concentration
was used. The 0.125% solution was used to reduce or
avoid the risk of possible injury due to excessive

mo-tor block. The maximal volume of local anesthetic
allowed for each administration was 2.5 mL for

max-illofacial surM, 5-10 mL for surgical wounds, and
10 mL for the remaining procedures. An appropriate
pump (50 or 100 mQ filled with local anesthetic to
provide 10 doses at home was given to the patient
before discharge. The patient was instructed to avoid
using the pump more d= once every hour.
Before using the technique at home, it was

evalu-ated in 35 inpatients. These patients were given
in-structions, which were later provided in similar form

AAesth Anal$ 1997;86:1-0 1
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Table 1. Use of Patient-Controlled Regional Analgesia After Various Surgical Operations

No. of Treatment at

Diagnosis patients hospital home Site of catheter placement

Hand surgery
Arthroplasty 8 7 1 Brachial plexus sheath

Arthrodesis 2 2 - Surgical wound

Ardu-oscopy 6 2 4 Brachial plexus sheath

Soft tissue injury 13 5 8 Surgical wound (n - 7)
Plexus sheath (n = 6)

Tendon surgery 10 5 5 Surgical wound (n = 6)
Plexus sheath (n = 4)

Radius fracture 2 1 1 Surgical wound

Orthopedic surgery
Arthroscopic subacromial 14 4 10 Subacromial

decompression
Shoulder arthroscopy (Bankart) 3 - 3 Intraarticular
Knee surgery 1 1 - Surgical wound

Plastic surgery
Breast augmentation 2 - 2 Surgical wound
Bone graft (iliac crest) 4 4 - Near iliac crest (supraperiosteal)

Lymph node removal 2 2 - Surgical wound

Maxillofacial/oral surgfty
Mandibular reconstruction 1 1 - S=teal

Multiple teeth extraction 1 1 - S

Arffiroplasty 1 - 1 Supraperiosteal

(temporomandibular joint)
Total 70 35 35

In plana cadutera. 0.125% bupkirseakne was administers4, in &U other cadwsers, the =kcantratim was 0-23% The voiurnes of bupivacasne were as follows:
maxilkofacial surgery 2-5 znL wound infiltestion 5-10 ad. dwAder aid low surgery to mL

codeine, or acewn-imphen/dextropropoxyphene),
tech-nical problems with the pump, and overall satisfaction/

dissatisfaction (excellent, adequate, poor) with analgesia.
Onset of analgesia was assessed from first

administra-tion of local anesthetic in the PACU and from patient
comments. The duration of analgesia was evaluated
from the clock time at each admirtistration. The patient
was given a stamped, self-addressed envelope in which
to return the completed questionnaire within 2-3 days
after surgery. A nurse made a follow-up call the day
after surgery and inquured about the patient's general
condition, pump function, satisfaction/dissatisfaction
with analgesia, and suggestions for improving
technique.

to the home patients. The written instructions to the
patimts included information about: a) symptoms of
local anesthetic overdosage; b) protection of the cath.
eter and pump system during washing, Showering,
etc.; c) catheter removal before discarding the pump;
and d) how to contact nurses and anesthesiologists.

Additionally, the patient was given a form on which
to record the following- pain intensity an a verbal scale
(severe, moderate, mild, none) after each treatment, the
dock d= of each administration, the total number of
times a local anesthetic was self-adwdnistered, use of11 rescue" analgesic tablets (MAIDS, acetaminophen/

Results

Seventy patients received analgesia by
self-administration of local anesthetic solution on demand.

All patients (100%) returned the completed
question-naire. The results are based on data from inpatients,

PACU, and patient comments from the questionnaire.
None of the patients had any problems using the
pump. The onset of analgesia was usually within
5 min but was longer (up to 15 min) in patients with
brachial plexus and subacromial catheters. The

dura-tion of analgesia after each administration of local

Figure 1. Use of the pump (arrow) in ft patient's horne.
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Fig= 2. SaU-stimirdstration of the local ardsdW& solution by a
patient On opwA% the clamp (a), the solution starts running into
ft ca*aw. After the prescribed ume (usu&Uy 6 mm), the patient
closes the clamp (confirmed by a clicking sound) to stop the bifusion
(b). The patient is encouraged to use a timer as a reminder to close
the clamp.

anesthetic varied from 2 to 8 h. Most patients required
two to four administrations.

Six patients did not use the pump at home because
the first dose of local anesthetic in the hospital

pro-vided prolonged pain relief, these patients were not
included in the data analysis. Pain relief was

consid-ered good to excellent by 57 (89%) patients, adequate
by 4 (6%) patients, and poor by 3 (5%) patients.

How-ever, 4 patients complained that the total amount of
medication was insufficient (all had received a 50-ml.
pump). Except for the above-mentioned 3 patients
with poor analgesia and 4 patients who received an
insufficient dose of local anesthetic, none required
analgesic tablets. Follow-up calls confirmed that the
technique was generally perceived as simple and

ef-fective. No technical problems were encountered .
None of the patients reported any symptoms of local
anesthetic toxicity. One patient commented that the
act of removing the catheter was tmpleasant. One
patient with opioid dependency required unusually
large doses (three doses of 20 mL 0.25% bupivacaine
subacromially during a period of 1.5 h). Although this
patient was asymptomatic, a bupivacaine level was
drawn approximately 2 h after the first dose and was
found to be 1.15 pmoIlL, which is well below toxic
levels.

ORMCD&OAtINICATION RAWALSTAL.- 3
PATIENT-CONTROLLED REGIONAL ANALGESIA AT HOME

Discussion
Effective management of pain may make the

differ-ence between surgery being performed on an
inpa-tient or day-care basis. Although NSAIDs,

paraceta-mol, and weak opioids, such as codeine and
dextroproxyphene, are adequate for mild to moderate
pain, these drugs may be ineffective in patients with
moderate to severe pain. Local anesthetic infiltration
in a wound or close to peripheral nerves is not

com-mon; in several studies, it has been demonstrated as a
highly effective analgesic technique (6-10). Irtfiltration
with local anesthetics modulates pain at the Peripheral
level by inhibiting the butsmission of nociceptive

im-pulses from the site of injury. The technique is
gener-ally considered to be simple, safe, and inexpensive.

The main limitation to its widespread use is the need
for repeated administration because of the short

anal-gesic effect (usually two to six hours) of a single dose.
Intermittent injections or continuous infusions
through indwelling catheters in the wound area have
been described for inpatients (6-10,11). Our

prelimi-nary data show that this technique can also be used at
home. This study demonstrates the safety, efficacy,
and applicability of the technique in a wide range of
surgical procedures. Although nearly all patients had
adequate to excellent pain relief, the efficacy of this
technique was not compared with that of oral
analgesics.

The major concern with this pump system is that the
entire volume of local anesthetic will be delivered if
the patient fails to close the clamp. To avoid this
complication, the following steps were takem- a) oral
and written information was given to the patient and
the escort, b) the use of a timer was encouraged, c) the
patient was informed that a clicking sound is heard
when the clamp is closed, and d) the patient was
instructed to close the clamp and contact an

anesthe-sioloot if there was numbness of the tongue or
tin-nihis. The "worst-case scenario" is that all 50 mL of

0.125% or 0.25% bupivacaine is delivered (100 mL is
used only for shoulder surgery), and although

techni-cally possible, fl-tis should not lead to any serious
problems because the local anesthetic is delivered to
peripheral tissue, the drug is delivered over a period
of I h, and the total dose of bupivacaine is large but
not excessive. The doses we used are far smaller than
some reported in the literature. Single infiltration by
50 ml. 0.25% bupivacaine after cholecystectorny
(lZ13) and repeated administration of 10 mL 0.25%
bupivacaine every 4 hours for 48 hours (14, 15) have
been reported. Doses up to 40 mL 0.25% bupivacaine
every 4 hours for 48 hours have been administered
subcutaneously to treat pain after abdominal aortic
surgery, and no signs of systemic toxicity were

ob-served in any of these studies (16). However, it may

4 ý 0XQ 7
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not be valid to compare the intermittent
administra-tion of large doses of local anesthetics and accidental

administration of 50-100 mL of 0.125% or 0.25%
bu-pivacaine within one hour.

Other concerns may be the risk of delayed wound
healing and hifection. The latter may be particularly
important for intraiarticular technique. The literature
does not support these concerns. Indeed, local

anes-thetic drugs have bacteriostatic and antimicrobial
ef-fects (17-19). The surgeon tunnels the catheter under

the skin so that it e)dts 3-5 cm from the wound. This
procedure reduces the risk of infection and catheter
dislodgment. The closed pump system described
herein avoids repeated injections and handling of the
catheter, thereby further reducing the risk of infection.
A bacterial filter is included in the pump system (Fig.
2), and an additional bacterial filter was used in this
study. Nevertheless, the risk of infection at home
needs to be studied in more detail.

Although there were no complications in any of our
70 patients, we emphasize that our results are

prelim-inary. Controlled trials are necessary to compare d-ds
technique with traditional methods and to evaluate
the optimal concentration and volume of local

anes-thetic. The role of opioids and nonopioids, such as
NSAII)s and clonidine, as adjuvants to local anesthetic
drugs also needs to be studied.
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Pleural Anesthetics Given Through an Epidural
Catheter Secured Inside a Chest Tube
Joseph W. Baker, NID, and Curtis G. Tribble, NID
Dava=ent uf Surgury, Unwt.-mitV jf Virginia HCalth 56encLs CLMter, C113f.'Ottesville, V4inia

Pain trianAgernent after thoracic surgical procedures is a
dMcult clinical problem. A variety of pain management
methods an used widh variable efficacy. This paper
presents an effective method or pieural anesthetic

admin-istration using, 3 pleural catheter inserted through a cheat
tube.
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paticnt-aiload znalge6ics, ntc1-rc--,t-- :,,emp,, t-iocks, and
pieu-anestneux agents. to one-ac-ng iocal
anes-- 

netics bupivacaine.- 3drnimstered inLo the ple=ai
.spaL--, pro'vidc a safe and ýdective method -i pain contmi
in. thoracc surgical patients (1, 21 3s wall as in ibdominza
surgicai parienus (3, 41 7his :%,7e oi aneschetic

adminis-tration mav deenase :)arcotic ani,
there-iore, decreasc narcotic side cficcts such as respiratory

depression and par-31yric ileus (33'j. Pleural antwhencs -do

ý!',? 1. ne XM4,11C I.,
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not require the multiple percutaneous iniections with the
risk oi intravascular jmiecfion of anesthetic or of

pneu-InOft= cluzing the administration oi intercostal nervP
Meural arifttheties can be adininistered either

thro" ;nan indwelling pleural catheter or through a ches-,
tu6e. ?leunl cathaters maintain a closed sterile system
pmvEnnng contamination and avoiding othef rriech anical:
PTOoierrs as3amated with injections ýL-ectly into ches-,
tucei such as pneurnothorax. Pleuraii catheters may 

I 
be

pizcýrtz -p-arcutaneously during thoracotomv but can 
1 i;e

por.-Mon optimaltv. Ukewise. piacement during
CU6& -horzlco.'Lomy may be difficult Owing to the :ýMail
c3iic,!: 3nd flexibility 
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the catheters This paper

de-method of percuraneous placement ui a pieur-A.
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&ccura,e zatheter placement during thoracommy or IuL-e
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Technique

We use -3 itandard. elidural catheter insernon set and i
.itandard chest tube. The epidural intmducer needle is
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auer-ed through the! iicioii ot the chest rubc naz the lioic
closest itto the zheýt bottle -ine epidural Zaiin,ý:er is thtan
4Uw_-.ted through che nc-ý,cile anci advance--; _ntil fits 0r,
protrudes about 1. cm ,ýrciugn distai ara 'lie chcst
.ub-- ,'Fig !,I. 
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e corn6jnea4 asiern' Iv is n int Lh D - - z

percutaneousiv usin% stand'ard rube t horzcý-,,;%)my tach.
ftiqua.,- Lf piaceci aillring ar. -.nLrathL113Ci,: tile
cacheter i-q iri unio -he :host tube aitc: %'-e :U'2-e 'has
been pulled through 'he ýhe_,t wad The zire ci the
atheter ;nco the chesc rube ihouid ýe wsln,ýn-iI withir,
the plaural _zpacc -o vreveit ruteraiýu air le2'-s_ ,lie
az,semolv lihould 'Lýe ppoiiitioned 

. 
tun 01C

pleural spac..
Aftef insertion, -.ýe catheter _-_r .o

the chest rube with'ý,'---inch tape ýut not died :he dhest
tube stitch. The pieural catheter is then fittea with a Luer
CaP that will allow injecttons directly throu;h the rubber
diaphragm (Fig 2). LocJa anesthetics are aiannini.stered
through the pleural catheter as needed. We use

prestrva-!-free 0.251% bupivacaine with :pinePL%ri;% at 0.3
-,:kg every -0 houxs as -needed for pain. However,
continuous iniusion c:f local anesthetic ager:s may alsolbe
used (1). The maxinnurn saie dose of :--univacaint!
with epiriephrrie.is up to I mUgg ci body -,veizýlf CIVerv 0
hou r-,

Comment

FIVural adaunistratiun of local anesthetics i ;r. effective
method oi pain management in patients undmoing
thoracic surgic:d procedures including percitaneous tub-d
th0faCastomy [1. 21. Administration rei either an
indwelling pleural catrieter or a chest tube. 71he form. er
provides a closed system with maintertance of sterility
and avoidance of mechanical problems associated with
repeated injeci2ons directiv into the chest rube. Pleural
cathetim can be placed "directly during !horaccitorny.
Mind percutaneous placement may be difficult owing 'to
the f1e)dbiUtv and the smWl cafiber of these catheters. In
addition, bknd percutaneous placement car-cs i small
risk of pneumothorzx or lung injury (4]. The combination
of pleural catheter and chest tube facilitates percutaneous

i.ring thuracotomy of perculameou-i1v
tovq standard tube tharaii
ev.-nulurs. The lip of the catheter is
0sa roned pitistariapi and at the

ape.r. The catheter is firmly attached
!ý- rhe external portiun of the chest
:!Ielc ivith tape.
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!!v.-,n I.vlh -.Jaced junne: open thor-acotorny. A
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1.0 GENERAL INFORMATION

1.1 Purpose of Submission

1.1.1 This submission is intended to notify the Federal Food and Drug
Administration that I-Flow Corporation intends to market an
intraoperative site infusion kit, the PainBusterTm Infusion System, that
utilizes legally marketed components for a new intended use.

1.2 Statement of Equivalence

1.2.1 The PainBuster Infusion System is a kit which includes components that
are legally marketed (either pre-amendment devices or devices that
have been granted permission to market via premarket notification
regulation).

1.2.2 The PainBuster Infusion System is substantially equivalent in intended
use to the Pain Control Infusion Pump (PCIP) (K896422) distributed by
Sgarlato Laboratories, Inc.

1.2.2.1 The Sgarlato PCIP kit contains an infusion pump produced
by Burron/B. Braun, B. Braun catheter and Jelco needle.

1.2.2.2 The catheter and needle included in the PainBuster kit are
separately purchased pre-amendment or 510(k) devices
similar to the devices in the Sgarlato PCIP kit.

1.2.2.2.1 An example of the catheter included in the
PainBuster kit is the B. Braun Perifie Epidural
Catheter Set.

1.2.2.2.2 An example of the needle included in the
PainBuster kit is the Jelco"' Catheter
Introducer Needle.

1.2.2.2.3 The PainBuster pump is substantially
equivalent to the Homepump C-Series
(K944692) and Homepump Eclipse (K932740)
marketed by I-Flow Corporation.

1.2.2.3 The PainBuster pump's design is nearly identical to the
original Homepump C-Series, see section 2.1 below.

2.0 PHYSICAL SPECIFICATIONS AND DESCRIPTIONS

2.1 Description of Device

2.1.1 The PainBuster Infusion System is a kit that is comprised of an
elastomeric infusion pump, a catheter and a needle.
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2.1.2 The PainBuster pump is the Homepump C-Series with a new intended
use. The pump design is identical to the original Homepump C-Series
except as follows:

2.1.2.1 The PainBuster pump utilizes the same soft PVC shell that
the Homepump Eclipse uses.

2.1.2.2 The two (2) outer natural latex bladders have been replaced
by a single thicker natural latex bladder.

2.1.2.3 The PainBuster pump is intended to be used with a catheter
that is included with the kit.

2.2 Product Configuration
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